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Abstract
Tomita-Takesaki modular theory provides a set of algebraic tools in quantum
field theory that is suitable for the study of the information-theoretic properties
of states. For every open set in spacetime and choice of two states, the mod-
ular theory defines a positive operator known as the relative modular operator
that decreases monotonically under restriction to subregions. We study the con-
sequences of this operator monotonicity inequality for correlation functions in
quantum field theory. We do so by constructing a one-parameter Re´nyi family of
information-theoretic measures from the relative modular operator that inherit
monotonicity by construction and reduce to correlation functions in special cases.
In the case of finite quantum systems, this Re´nyi family is the sandwiched Re´nyi
divergence and we obtain a new simple proof of its monotonicity. Its monotonic-
ity implies a class of constraints on correlation functions in quantum field theory,
only a small set of which were known to us. We explore these inequalities for free
fields and conformal field theory. We conjecture that the second null derivative
of Re´nyi divergence is non-negative which is a generalization of the quantum null
energy condition to the Re´nyi family.
lashkari@ias.edu
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1 Introduction
In recent years, the tools and techniques of quantum information theory have found
many applications in many-body local quantum systems from condensed matter to
field theory and gravity. In relativistic quantum field theory, studying the constraints
of unitarity and causality on information-theoretic measures has led to the discovery
of new inequalities that hold universally in all theories. The strong sub-additivity of
entanglement entropy has been used to derive c-theorems in various dimensions [1, 2, 3].
Strong sub-additivity is a special case of the monotonicity of relative entropy which
has been used to prove the average null energy condition (ANEC) in flat space and
the generalized second law in curved spacetimes [4, 5]. In this work, we explore a large
class of monotonicity constraints of information-theoretic measures in quantum field
theory.
In quantum field theory, there are no density matrices associated to finite regions
of spacetime. This is an obstacle on the way of applying the entanglement theory to
quantum fields which reflects itself as ultraviolet divergences that appear in entangle-
ment entropy. In some cases, one can use scaling arguments to isolate universal pieces
in the calculations. These ultraviolet divergences point to the fact that entanglement
in quantum field theory is a property of the algebra and not the states [6].
A more satisfactory approach is provided by the Tomita-Takesaki modular theory
that studied the algebra of local operators in quantum field theory; see [7, 6] for a
review. Modular theory connects with information theory by defining a positive opera-
tor known as the relative modular operator. Araki realized that the expectation value
of the logarithm of this operator generalizes the density matrix definition of relative
entropy to arbitrary quantum systems including quantum field theory [8]. Relative
entropy is a distance measure central to quantum information theory from which most
other entanglement measures can be derived; see [9] for a review.
In modular theory, the relative modular operator ∆AΩ|Φ is defined for every space-
time region A and choice of two states |Ω〉 and |Φ〉. The locality of quantum field
theory imposes a strong constraint on how the relative modular operator changes as
one changes the region A. Most importantly for us, the relative modular operator is
monotonic, that is to say for any region A ⊂ B we have
∆AΩ|Φ ≥ ∆BΩ|Φ (1)
as an operator inequality. It implies the monotonicity of relative entropy, however, as
an operator inequality, it is much stronger. In this work, we study the consequences of
this inequality in quantum field theory.
In section 2, we review the modular theory emphasizing those properties of the
relative modular operator that play an important role in our work. In section 3,
we introduce the Petz divergence as an information-theoretic measure that monoton-
ically increases as one enlarges the region, and show that it satisfies all the desirable
information-theoretic properties one expects from a Re´nyi generalization of relative
entropy. In section 4, motivated by the work of Araki and Masuda in [10] we define an
alternative Re´nyi family for relative entropy and show that it is the generalization of
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the sandwiched Re´nyi divergence to quantum field theory. Similar discussions appear
in [11, 12, 13]. Our approach has the advantage that we do not need to resort to the
proofs in [14, 15, 13] to show the monotonicity of sandwiched Re´nyi divergences. It
is implied by the monotonicity of relative modular operator. For completeness, we
review of the proof of the monotonicity of relative modular operator with an emphasis
on finite dimensional Hilbert spaces in section 5.
In [16] a Euclidean path-integral was constructed that computes sandwiched Re´nyi
divergences, and it was shown that for certain values of the Re´nyi index they are given
by correlation functions. Section 6 starts with this path-integral construction and
explores the consequences of monotonicity for these correlation functions. We find new
inequalities that the 2n-point correlation functions have to satisfy as a consequence
of monotonicity. They can be interpreted as the non-negativity of certain off-diagonal
elements of null momentum. See the inequality in (84) for a concrete example.
Studying the dependence of these 2n-point correlation functions on the region size
we are naturally led to the conjecture that the second null (or spacelike) derivatives
of the sandwiched Re´nyi divergence is non-negative. This can be thought of as a
generalization of quantum null energy condition to the Re´nyi family. We provide
evidence for the conjecture using reflection positivity of Euclidean correlators. We
perform sample calculations of the sandwiched Re´nyi divergence and its derivatives in
shape deformations in free two-dimensional bosons and higher-dimensional conformal
field theories in a local quench limit.
Finally, we conclude in section 7 by discussing generalizations and comment on po-
tential implications of our work for constraining bulk effective field theories in holog-
raphy.
2 Tomita-Takesaki modular theory
A general quantum system is described by an algebra of bounded operators with a †
operation and a notion of a norm. In this abstract language, states are linear maps
from the algebra to correlation functions. Given a state, there is a well-defined pre-
scription to construct an irreducible representation of such an algebra in the Hilbert
space.2 If the algebra is generated by operators that satisfy the canonical commuta-
tion relation Lie algebra then such an irreducible representation is unique up to unitary
equivalence.3 This is not the case in quantum field theory. There are many inequiva-
lent representations of the algebra of operators in the Hilbert space that correspond to
different superselection sectors. This is one of the main motivations to study the local
algebra of operators in quantum field theory.4
The algebra of local operators in quantum field theory differs from finite dimensional
quantum systems in essential ways. Given a state living on a Cauchy slice, there is no
notion of density matrix operator corresponding to a subregion. This causes a problem
2This prescription is called the Gelfand–Naimark–Segal construction. See [7] for a review.
3This is called the Stone-von Neumann theorem.
4By the local algebra we mean the algebra associated with a region of spacetime.
2
for a naive generalization of entanglement theory from finite quantum systems to field
theory. The Tomita-Takesaki modular theory allows us to define information-theoretic
measures in quantum field theory without the need to define density matrices.
Consider a relativistic quantum field theory in Minkowski space in D spacetime
dimensions. For every open set A in spacetime, there exists a von Neumann algebra of
bounded operators AA that is generated by bounded functions of fundamental fields
integrated against test functions supported on A. Locality requires that AB ⊂ AA
if B ⊂ A.5 The closure of the union of algebras associated with all open sets forms
the global algebra of quantum field theory. In a relativistic quantum field theory, a
Poincare´ transformation that sends A→ Λ(A) corresponds to an automorphism of the
global algebra that transforms A → AΛ(A). We think of states on A as linear maps ωA
from the local algebra AA to expectation values, and denote the states of the global
algebra with vectors |Ω〉 in the Hilbert space.
Every von Neumann algebra AA has a notion of †. Therefore, for any two vectors
|Ω〉 and |Φ〉 and a region A one can define the relative Tomita operator by its action
SAΦ|Ωa|Ω〉 = a†|Φ〉, (2)
where a is an operators in the algebra AA of region A, and |Ω〉 is carefully chosen such
that a|Ω〉 and a′|Ω〉 are dense in the Hilbert space.6 We further assume that there
exists no a ∈ A such that a|Ω〉 = 0. Such states are called cyclic and separating.
The definition in (2) can be extended to arbitrary vectors, however, to simplify the
presentation we restrict our discussion to vectors that are cyclic and separating.
The relative modular operator ∆Φ|Ω is the norm of the relative Tomita operator:
∆Φ|Ω ≡ S†Φ|ΩSΦ|Ω . (3)
It is unbounded and manifestly non-negative. From the definition of the Tomita oper-
ator it is clear that
SΦ|ΩSΩ|Φ = 1, S
†
Φ|ΩS
†
Ω|Φ = 1, (4)
hence the action of ∆−1Ω|Φ = SΦ|ΩS
†
Φ|Ω. Furthermore, the Tomita operator for region A
is the Hermitian conjugate of that of A′ (its causal complement): (SAΦ|Ω)
† = SA
′
Φ|Ω [17].
As a result, the relative modular operators (∆AΩ|Φ)
−1 = ∆A
′
Φ|Ω.
7 This operator plays
an important role in our discussion. Most importantly for us, the relative modular
operator for any two vectors |Φ〉 and |Ω〉 satisfies the monotonicity inequality
∆BΩ|Φ ≤ ∆AΩ|Φ (5)
5This is often called the Isotony condition.
6The relative Tomita operator is the closure of the operator defined in (2). In this work, we use
the notation SΦ|Ω to mean the closed operator.
7We have assumed that the algebra of A and A′ commute and have no operators in common
except for the identity operator. Such a von Neumann algebra is called a “factor”.
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for any AA ⊂ AB. This is a consequence of the fact that the domain of SBΦ|Ω is an
extension of that of SAΦ|Ω.
8 That is to say for any a ∈ AA we have
SAΩ|Φa|Φ〉 = SBΩ|Φa|Φ〉 = a†|Ω〉 . (6)
This implies that for vectors a|Φ〉 with a ∈ AA the monotonicity of the relative modular
operator is saturated:
〈Φ|a†∆AΩ|Φa|Φ〉 = 〈Φ|a†∆BΩ|Φa|Φ〉 . (7)
To obtain an inequality we consider non-linear functions of ∆Ω|Φ that inherit mono-
tonicity by construction. A function f : (0,∞) → (0,∞) is called operator monotone
if for any self-adjoint operators X ≥ Y ≥ 0 we have f(X) ≥ f(Y ) ≥ 0. An important
example is f(z) = zα which is operator monotone for for 0 < α < 1 [6]. For invert-
ible operators, X > Y > 0 implies Y −1 > X−1.9 The relative modular operator is
invertible, therefore it satisfies the monotonicity operator inequality
sign(α)(∆AΩ|Φ)
−α ≤ sign(α)(∆BΩ|Φ)−α (8)
for 1 ≥ α ≥ −1. Another important operator monotone function is the principal branch
logarithm on positive definite operators which implies that Araki’s relative entropy
S(Φ‖Ω) = −〈Φ| log ∆Ω|Φ|Φ〉 (9)
is monotonic. In this work, we mostly focus on f(z) = zα and briefly comment on
other operator monotone functions until section 7.
To study the entanglement between region A and A′ it is natural to focus on quan-
tities that are independent of unitaries in the region A and A′. Hence, we should
understand how the relative modular operator transforms when the vectors are ro-
tated by unitaries in A and A′. One can check directly from the definition in (2) that
SUU ′Ω|V V ′Ψ = V U ′SΩ|ΨV ′†U † satisfies
SUU ′Ω|V V ′ΨaV V ′|Ψ〉 = a†UU ′|Ω〉 (10)
for unitaries U, V ∈ AA and U ′, V ′ ∈ AA′ . As a result, the relative modular operator
transforms according to
∆UU ′Ω|V V ′Ψ = UV ′∆Ω|ΨV ′†U † . (11)
This transformation rule plays an important in section 3 when we engineer information-
theoretic quantities from the relative modular operator that are invariant under local
unitaries.
8See [6] for a proof based on the ideas presented in [18]. For completeness, in section 5 we review
a variant of this proof adapted for finite-dimensional systems presented in [19].
9The inequality X > Y > 0 implies 1 > X−1/2Y X−1/2. The operator X−1/2Y X−1/2 is non-
negative and has a spectral decomposition, therefore X1/2Y −1X1/2 > 1 and as a result we have
Y −1 > X−1.
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In a quantum field theory with a stress tensor, shape deformations are generated
by unitaries that are exponentiated integrals of the stress tensor. Consider a diffeo-
morphism that deforms region A continuously to its subregion B and represent it by
unitary U . In this work, we consider only the shape deformations that leave the vacuum
invariant:
AA = UABU †, U |Ω〉 = |Ω〉 . (12)
Examples of such unitaries are Poincare transformations and arbitrary deformations
on null hypersurfaces. The reason is that for such unitaries, we can explicitly relate
the relative modular operator of B with that of A using the definition of the relative
Tomita operator:
SBΨ|ΩaB|Ω〉 = (U †SAUΨ|ΩU)aB|Ψ〉 (13)
and
∆BΨ|Ω = U
†∆AUΨ|ΩU . (14)
In the limit the size of region A shrinks to zero the state |Φ〉 and |Ω〉 are indistin-
guishable, therefore one expects the matrix elements of f(∆Ω|Φ) to converge to those
of f(∆Φ). In particular, this implies that for any operator monotone function f and
any region A we have 10
〈Φ|f(∆AΩ|Φ)|Φ〉 − f(1) ≥ 0 . (15)
We are now ready to construct information-theoretic measures out of the relative mod-
ular operator. The class of measures that we will show to be related to the quantum
field theory correlation functions is called the sandwiched Re´nyi divergence. In the
next section, we start by a closely related but simpler class of measures called Petz
divergences.
3 Petz divergences
The monotonicity of relative entropy in (8) is an operator equation which implies
sign(α)〈Ψ|(∆AΩ|Φ)−α|Ψ〉 ≤ sign(α)〈Ψ|(∆BΩ|Φ)−α|Ψ〉 (16)
for any A ⊂ B, α ∈ [−1, 1] and any vector |Ψ〉 in the Hilbert space. The matrix element
〈Ψ|(∆AΩ|Φ)−α|Ψ〉 depends on the information in both A and the complementary region
A′. In entanglement theory we are interested in “semilocal” quantities, meaning those
that are independent of the information content in A′. If |Φ〉 is cyclic and separating
10We thank Edward Witten for pointing this out to us.
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the vector a|Φ〉 with a ∈ A is dense in the Hilbert space, therefore it is natural to
consider Petz quasi-entropies introduced in [20]11
DAα,a(Φ‖Ω) =
1
α
log〈Φ|a†(∆AΩ|Φ)−αa|Φ〉 . (17)
where the operator a is normalized such that 〈Ω|a†a|Ω〉 = 1 and α ∈ [−1, 1] . This
normalization makes sure quasi-entropies vanish at α = −1 because
〈Φ|a†(∆AΩ|Φ)a|Φ〉 = 〈Ω|a†a|Ω〉 = 1 . (18)
Under unitary rotations in A′ the relative modular operator transforms according
to (11), and since [a, U ′] = 0 the Petz quasi-entropy remains invariant.
In addition, this Re´nyi family has the following properties:
1. If A ⊂ B and a ∈ AA then it increases monotonically with system size:
DAα,a(Φ‖Ω) ≤ DBα,a(Φ‖Ω).
2. If U is a unitary in AA then DAα,a(UΦ‖V Ω) = DAα,V †aU(Φ‖Ω).
3. It increases monotonically in α. If α ≤ β then DAα,a(Φ‖Ω) ≤ DAβ,a(Φ‖Ω).
See appendix A for a proof. In the remainder of this work, we focus on quasi-
entropies in the case a = 1, where the subregion monotonicity property extends to all
subregions. For a = 1, we have the Petz divergence:
Dα(Φ‖Ω) = 1
α
log〈Φ|∆−αΩ|Φ|Φ〉 (19)
with the following additional properties:
1. It is non-negative and vanishes when A shrinks to zero.
2. It is invariant under the rotation of both vectors by the same unitary in A.
3. At α = 0 it is smooth and equal to the relative entropy.
4. Under swapping vectors |Φ〉 and |Ω〉 it satisfies
D−α(Φ‖Ω) = 1− α
α
Dα−1(Ω‖Φ) . (20)
See appendix B for proofs.
Petz divergences vanish at α = −1 and increase monotonically in α. They acquire
their maximum at α = 1:
D1(Φ‖Ω) = log〈Φ|∆−1Ω|Φ|Φ〉 = log〈Ω|S†Φ|Ω(SΦ|ΩS†Φ|Ω)SΦ|Ω|Ω〉 = log〈Ω|∆2Φ|Ω|Ω〉 . (21)
If |Φ〉 ∼ Φ′|Ω〉 with Φ′ ∈ A′ since (SAΦ|Ω)† is an extension of SA
′
Φ|Ω we have
D1(Φ‖Ω) = log
( 〈Ω||Φ′|4|Ω〉
〈Ω||Φ′|2|Ω〉2
)
. (22)
11In [20] Petz defines the quantity in (17) for a general operator monotone function f .
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4 Sandwiched Re´nyi divergences
The Petz divergence satisfies all the desired properties an information-theorist would
want, however it cannot be written in terms of the correlation functions of quantum
field theory in a simple way. A closely related monotonic Re´nyi family called the
sandwiched Re´nyi divergence was introduced in [21, 22] for finite quantum systems. In
[16] it was shown that for special values of α, in quantum field theory, the sandwiched
Re´nyi divergences can be written in terms of correlation functions. We focus on this
new family in this section.
To motivate an algebraic definition of the sandwiched Re´nyi divergence we follow
the approach in [10].12 Consider a vector |Φ〉 that is in the intersection of the domain
of ∆−1Ω|Ψ for all |Ψ〉 ∈ H. We define the sandwiched Re´nyi divergence to be
SAα (Φ‖Ω) ≡
1
α
sup
|Ψ〉∈H
log〈Φ|(∆AΩ|Ψ)−α|Φ〉
SA−α(Φ‖Ω) ≡
−1
α
inf
|Ψ〉∈H
log〈Φ|(∆AΩ|Ψ)α|Φ〉 (23)
for 0 ≤ α < 1.13 If the intersection of the domains of ∆−1Ω|Ψ for all |Ψ〉 does not
include |Φ〉 the Sandwiched Re´nyi divergence is defined to be infinite. However, we
will show that it is finite for a dense set of states Φ′|Ω〉 where Φ′ is an operator in the
commutant. Sandwiched Re´nyi divergences satisfy all the desired properties that led us
to Petz divergences. The subregion monotonicity and non-negativity are inherited from
(16) by definition. The monotonicity in α follows from Holder’s inequality similar to
the argument presented in appendix B. It is also invariant under rotation by untiaries
in A′, and under unitary rotations in A, it transforms according to Sα(V Φ‖UΩ) =
Sα(U
†V Φ‖Ω) = Sα(Φ‖V †UΩ). Similar to the Petz entropy it vanishes when the two
vectors are the same, but as opposed to the Petz entropy, it does not vanish at α = −1.
In fact, its value at α = −1 is related to an important distance measure called quantum
fidelity.
From the definition (23) it is clear that sandwich Re´nyi divergences are larger than
their cousins:14
Sα(Φ‖Ω) ≥ Dα(Φ‖Ω) . (24)
An analogy with finite dimensional quantum systems helps to unpack the definition
in (23). This definition is based on a generalization of the notion of the p-norm of a
matrix to unbounded operators [10]. Remember that for a matrix X the p-norm is
12 A similar discussion appears in a recent work [13].
13We assume all vectors are normalized 〈Ψ|Ψ〉 = 1 unless mentioned otherwise.
14There is a potential for confusion here due to the notation we have chosen. It is sometimes said
that Petz divergences are larger than sandwiched ones. That statement uses a different definition of
Petz divergences which in our notation becomes the inequality (32) shown in appendix B. See section
5.
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defined to be ‖X‖p = tr(|X|p)1/p. It is invariant under unitary rotations, ‖X‖p =
‖U †XU‖p, and it satisfies the Holder inequality
‖XY ‖1 ≤ ‖X‖p‖Y ‖q
for any p, q > 1 with p−1 + q−1 = 1. By the definition of the norm |tr(XC)| ≤ ‖XC‖1
for any operator C. As a result,
sup
‖C‖q=1
|tr(XC)| ≤ sup
‖C‖q=1
‖XC‖1 ≤ ‖X‖p (25)
where in the second step we have used Holder’s inequality. If we pick C proportional
to |X|p/qU † where X = U |X| is the polar decomposition of X and the overall factor of
C is fixed such that ‖C‖q = 1, we find that the inequality above is saturated. In other
words, we have the norm duality relation
‖X‖p = sup
‖C‖q=1
|tr(XC)| . (26)
Our operators of interest are not trace class, however, choosing a reference state |Ω〉
and an algebra of region A following Araki and Masuda [10] one can still define the
p-norm of a vector |Φ〉 using the definition
p ∈ [2,∞] ‖|Φ〉‖Ap,Ω = sup
|Ψ〉
‖∆1/2−1/pΨ|Ω |Φ〉‖
p ∈ [1, 2) ‖|Φ〉‖Ap,Ω = inf|Ψ〉 ‖∆
1/2−1/p
Ψ|Ω |Φ〉‖ . (27)
As we discussed in section 2, we know that (∆AΩ|Ψ)
−1 = ∆A
′
Ψ|Ω, therefore the sandwiched
Re´nyi divergence can be written as
SAα (Φ‖Ω) =
2
α
log ‖|Φ〉‖A′2
1−α ,Ω
. (28)
The reason for switching from supremum to infimum as we go from positive to negative
values of α is a generalization of (26) to the norms defined in (27) that relates the p
and q norms when 1
p
+ 1
q
= 1. To see this, consider the Cauchy-Schwarz inequality
|〈Φ|χ〉|
〈Φ|∆−αΩ|Ψ|Φ〉1/2
≤ 〈χ|∆αΩ|Ψ|χ〉1/2 . (29)
Taking the infimum over |Ψ〉 we have
inf
|Ψ〉
|〈Φ|χ〉|
〈Φ|∆−αΩ|Ψ|Φ〉1/2
≤ inf
|Ψ〉
〈χ|∆αΩ|Ψ|χ〉1/2 .
In fact, the supremum of the left-hand-side over all vectors |Φ〉 saturates the inequality
[10]
sup
|Φ〉
|〈Φ|χ〉|
sup|Ψ〉〈Φ|∆−αΩ|Ψ|Φ〉1/2
= inf
|Ψ〉
〈χ|∆αΩ|Ψ|χ〉1/2 . (30)
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As a result, we have the norm duality relation
sup
‖|Φ〉‖p,Ω=1
|〈Φ|χ〉| = ‖|χ〉‖q,Ω . (31)
This is a generalization of (26) to von Neumann algebras.
For special values of α the sandwiched Re´nyi divergences in (23) is of particular
interest in information theory:
• α = 1: Due to the monotonicity in α, this is the maximum of the sandwiched
Re´nyi divergence in α and it is given by the norm of the operator that creates
the state. If |Φ〉 = Φ′|Ω〉 we have
S1(Φ‖Ω) = sup
|Ψ〉
log〈Φ|∆−1Ω|Ψ|Φ〉 = sup|Ψ〉 log〈Φ|SΨ|ΩS
†
Ψ|Ω|Φ〉
= sup
|Ψ〉
log〈Ψ|‖Φ′‖2|Ψ〉 = 2 log ‖Φ′‖
where we have used (SAΨ|Ω)
† = SA
′
Ψ|Ω. An important implication of this result is
that for states Φ′|Ω〉 with Φ′ bounded all the sandwiched Renyi divergences are
finite and free of ultraviolet divergences. This is a dense set of states.15 Haag and
Swieca have argued that the norm of the operator that creates the state should
be interpreted as a measure of how localized the state is [23]. Smaller S1(Φ‖Ω)
corresponds to a state more localized in A′. A unitary U ′ creates an excitation
completely localized in A′.
• α = 1
2
: This value corresponds to a generalization of “collision entropy” to von
Neumann algebras: S 1
2
(Φ‖Ω) = 2 supΨ〈Φ|∆−1/2Ω|Ψ |Φ〉. As we will see in the next
section, this value of α can be related to Euclidean four point functions.
• α = 0: Similar to the Petz divergence the sandwiched divergences is equal to
the relative entropy at α = 0. To see this, we show the following inequality in
appendix C:
D α
1−α (Φ‖Ω) ≥ Sα(Φ‖Ω) ≥ Dα(Φ‖Ω) . (32)
In the limit α→ 0 the sandwiched Re´nyi divergence is upper and lower bounded
by relative entropy.
• α = −1: This value of α provides a generalization of “quantum Fidelity” to von
Neumann algebras:
S−1(Φ‖Ω) = −2 logF (Φ,Ω)
F (Φ,Ω) ≡ ‖|Φ〉‖A′1,Ω (33)
15Note that the Re´nyi divergences including the relative entropy are not continuous. Therefore,
in general, there exist states for which our measure is infinite. This is clear from the fact that the
domain of ∆−1Ω|Ψ is not the whole Hilbert space for all |Ψ〉.
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In the next section, we will show that for density matrices F (Φ,Ω) reduces to
the standard expression for quantum Fidelity. From norm duality we know that
Fidelity as defined above is the supremum over overlaps 〈Ψ|Φ〉 for |Ψ〉 = Ψ′|Ω〉
and ‖Ψ′‖ = 1:
F (Φ,Ω) = sup
‖|χ〉‖A′∞,Ω=1
|〈χ|Φ〉| . (34)
This is the analogue of Uhlemann’s theorem in quantum field theory [24].
5 Finite-dimensional Quantum Systems
Up to here, the discussion of the relative modular operator and our information-
theoretic measures applied to any quantum system from qubits to quantum field theory.
To come in contact with the information theory literature, in this section, we write our
measures for finite quantum systems in terms of density matrices, and provide a simple
proof of the monotonicity of the Petz divergence and the sandwiched Re´nyi divergence.
We closely follow the arguments presented in [19] and [6]. Consider a bipartite quan-
tum system described by a density matrix σ12 and its reduced density matrix on the
first subsystem σ1. It is convenient to purify σ12 in a pure state of a four-partite system
|Ω〉 =
d∑
i,j=1
cij|ij, ij〉 ∈ H (35)
where |ij〉 are the eigenvectors of σij and we have assumed that the local Hilbert at each
site is d-dimensional. In our notation, we separate the indices corresponding to the
Hilbert space of the system from those of the purification by a comma. The coefficients
cij are the Schmidt coefficients of |Ω〉 and the square root of eigenvalues of σ12. For
simplicity, we assume that σ12 is full-rank which implies that all cij > 0. Similarly, we
purify σ1 in a bi-partite pure state
|ω〉 =
∑
i
di|i, i〉 ∈ K
d2i =
∑
j
c2ij. (36)
The local algebra on each site is the algebra of d × d complex matrices with its
natural notion of † and norm. We consider the algebras A = A1 and B = A1⊗A2 that
are generated by aik = |i〉〈k| and bijkl = |ij〉〈kl|, respectively. Acting on the state |Ω〉
with b ∈ B we can obtain arbitrary states H. Similarly, any state in K can be written
as a|ω〉 with a ∈ A.
The state |ω〉 can be though of as
|ω〉 = σ1/21 |Eω〉
|Eω〉 =
∑
j
|j, j〉 (37)
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where |Eω〉 is an unnormalized maximally entangled state in the basis spanned by |j〉,
the eigenvectors of σ1 [25]. Note that for any full rank density matrix σ we have
〈ω|X ⊗ Y |ω〉 = 〈Eω|σ1/2Xσ1/2 ⊗ Y |Eω〉 = tr(σ1/2Xσ1/2Y ) . (38)
Consider the state |ω〉 on systems 13 tensored with another copy of it on 24: |ω〉13 ⊗
|ω〉24. If we act on it by the operator
W˜34 = σ
1/2
34
(
σ
−1/2
3 ⊗ σ−1/24
)
(39)
we obtain the four-partite state |Ω〉:
|Ω〉 = W˜34 (|ω〉13 ⊗ |ω〉24) (40)
where by σ34 we mean σ12 as a density matrix of system 34. Furthermore, we find that
for a ∈ A1:
a|Ω〉 = W˜ (a|ω〉 ⊗ |ω〉) (41)
Since a|ω〉 is dense in K we have constructed a linear linear embedding W : K → H
that sends aik|ω〉 → aik|Ω〉. More explicitly, this map is
W =
∑
ijk
ckj
dk
|ij, kj〉〈i, k| . (42)
Consider the normalized pure states of subsystem 2 and 4:
|Ψk〉24 = 1
dk
∑
j
ckj|j, j〉24 . (43)
It is straightforward to check that
W †W = IK, WW † = I1 ⊗
∑
k
|k〉3〈k|3 ⊗ |Ψk〉24〈Ψk|24 = P
where P is a projection in H. Therefore, W is an isometry.
The anti-linear Tomita operator for algebras A and B satisfies
SAω aik|ω〉 = a†ik|ω〉
SBΩ bijkl|Ω〉 = b†ijkl|Ω〉
which are solved by
SAω |k, i〉 =
dk
di
|i, k〉
SBΩ |kl, ij〉 =
ckl
cij
|ij, kl〉 . (44)
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In this basis, the Tomita operator is the anti-linear operator that swaps the role of the
system and its purifier. One can compute the modular operators
∆Aω =
∑
ik
d2k
d2i
|k, i〉〈k, i| = σ1 ⊗ σ−13
∆BΩ =
∑
ijkl
c2kl
c2ij
|kl, ij〉〈kl, ij| = σ12 ⊗ σ−134 (45)
and check directly that
W †|αβ, kj〉〈αβ, kj|W = c
2
kj
d2k
|α, k〉〈α, k| (46)
and therefore
∆Aω = W
†∆BΩW . (47)
Since projectors are positive operators, for positive λ and β, we have(
∆BΩ + β
)−1 ≥ (∆BΩ + β + λ(1− P ))−1 (48)
At large λ the right-hand-side can be expanded as(
∆BΩ + β + λ(1− P )
)−1
= (P (∆BΩ + β)P )
−1 +O(1/λ)
=
(
W (∆Aω + β)W
†)−1 +O(1/λ) (49)
where we have used WW † = P . Taking the λ→∞ limit we find
W †(β + ∆BΩ)
−1W ≥ (β + ∆Aω )−1 (50)
as an operator inequality in K. For a positive operator ∆ and 0 < α < 1 we have the
following spectral integrals
∆α =
sin(piα)
pi
∫ ∞
0
dβ βα
(
1
β
− 1
β + ∆
)
∆−α =
sin(piα)
pi
∫ ∞
0
dβ β−α
(
1
β + ∆
)
. (51)
Therefore, for −1 < α < 1 we find
sign(α)
(
∆Aω
)−α ≤ sign(α) (∆BΩ)−α . (52)
Now, consider a second density matrix φ12 and its purification
φ12 =
∑
αβ
f 2αβ|αβ〉〈αβ|
|Φ〉 =
∑
αβ
fαβ|αβ, αβ〉 ∈ H . (53)
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Similarly, the density matrix φ1 can be purified with
|ϕ〉 =
∑
α
gα|α, α〉 ∈ K
g2α =
∑
β
f 2αβ . (54)
The relative Tomita operator now solves
SAϕ|ωaαk|ω〉 = a†αk|ϕ〉
SBΦ|Ωbαβkl|Ω〉 = b†αβkl|Φ〉 (55)
where bαβkl = |αβ〉〈kl| and aαk = |α〉〈k|. These equations imply
SAϕ|ω|α, i〉 =
gα
di
|i, α〉
SBΦ|Ω|αβ, ij〉 =
fαβ
cij
|ij, αβ〉 . (56)
The relative modular operators can be worked out explicitly:
∆Aϕ|ω =
∑
iα
g2α
d2i
|α, i〉〈α, i| = φ3 ⊗ σ−11
∆BΦ|Ω =
∑
ijαβ
f 2αβ
c2ij
|αβ, ij〉〈αβ, ij| = φ12 ⊗ σ−134 (57)
From (38) and (57) we find that the Petz divergence written in terms of density matrices
is16
Dα(Φ‖Ω) = 1
α
log tr
(
φ1+ασ−α
)
. (58)
Once again, we can check explicitly that
W †∆BΦ|ΩW = ∆
A
ϕ|ω . (59)
By the same argument we used for the modular operator, we find the monotonicity
inequality
W †
(
∆BΦ|Ω + β
)−1
W ≥ (∆Aϕ|ω + β)−1 . (60)
Therefore, in the range α ∈ (−1, 1) we have
sign(α)(∆Aϕ|ω)
−α ≤ sign(α)W †(∆BΦ|Ω)−αW (61)
16Often the Petz divergence is defined in the range α ∈ (0, 2) using D¯n = 1n−1 log tr(φnω1−n). In
our notation, this is Dn−1.
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Evaluating the operator inequality above in state |ω〉, and using the fact that W |ω〉 =
|Ω〉 we get
sign(α)〈ω|(∆Aϕ|ω)−α|ω〉 ≤ sign(α)〈Ω|(∆BΦ|Ω)−α|Ω〉 . (62)
As a result, we find the monotonicity of the Petz divergence
Dα(ω‖φ) ≤ Dα(Ω‖Φ) . (63)
Next, we would like to find the expression for the sandwiched Re´nyi divergence in
terms of density matrices and prove its monotonicity. Consider a third vector |Ψ〉 and
its corresponding density matrix ψ12, and ψ1 with its purification |ψ〉. Let us fix the
region for the moment. It follows from the definition in (23) and the expressions in
(57) that
Sα(Φ‖Ω) = 1
α
sup
tr(ψ)=1
log tr
(
ψαφ1/2σ−αφ1/2
)
, (64)
where we have used the cyclicity of the trace, and the supremum is over all density
matrices ψ. Defining the positive matrix η = ψα and X = σ−α/2φ1/2 we can write the
sandwiched Re´nyi divergence in (58) in terms of p-norms as
Sα(Φ‖Ω) = 1
α
log
(
sup
‖η‖1/α=1
tr
(
ηX†X
))
(65)
From (26) the supremum can be evaluated explicitly to give
Sα(Φ‖Ω) = 1
α
log ‖X†X‖ 1
1−α
=
1
α
log ‖XX†‖ 1
1−α
=
1− α
α
log tr
[(
σ−α/2φσ−α/2
) 1
1−α
]
(66)
where we have used the polar decomposition of X = U |X| and the fact that p-norm is
unitary-invariant. In the literature, the sandwiched Re´nyi divergence is often defined
for n ∈ (1/2,∞) to be S¯n = 1n−1 log tr
[(
σ
1−n
2n ρσ
1−n
2n
)n]
. In our notation, this is Sn−1
n
.
The statement that D¯n ≥ S¯n in our notation becomes Dn−1 ≥ Sn−1
n
which is the same
as (32). The expression in (66) continues to hold when α < 0. This can be seen by
computing the generalized p-norm in (27) in terms of density matrices:
‖|Φ〉‖A′2
1−α ,Ω
= sup
tr(χ)=1
tr
(
ψαφ1/2σ−αφ1/2
)
= tr‖η‖1/α=1
(
ηX†X
)
= ‖X†X‖ 1
1−α
= ‖X‖ 2
1−α
(67)
where X = ω−α/2φ1/2 and η = ψα. Therefore,
S−α(Φ‖Ω) = − 1
α
log sup
‖σ−α/2ψ1/2‖ 2
1−α
=1
|tr (ψ1/2φ1/2) |
= − 1
α
log sup
‖ν‖ 2
1−α
=1
|tr (νφ1/2σα/2) | = − 1
α
log ‖φ1/2σα/2‖ 2
1+α
= −1 + α
α
log tr
[(
σα/2φσα/2
) 1
1+α
]
(68)
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which is the same as (66).
Now, we are ready to prove the monotonicity of the sandwiched Renyi divergence.
Assume |ϕ〉 is cyclic and separating. Consider the subset of vectors in H: |Ψa〉 =
a|Φ〉 with a an invertible element of A1, the algebra of the first subsystem. Their
corresponding states on K are |ψa〉 = a|ϕ〉 that form a dense set in K [25]. The
function 〈ϕ|∆−αω|ψ|ϕ〉 is real-valued and continuous in finite-dimensional Hilbert spaces.
Therefore, since a|ψ〉 with invertible a is dense in K we find
sup
ψ
〈ϕ| (∆Aω|ψ)−α |ϕ〉 = sup
ψa
〈ϕ| (∆Aω|ψa)−α |ϕ〉 . (69)
From the operator inequality in (61) we have
sign(α) sup
ψa
〈ϕ| (∆Aω|ψa)−α |ϕ〉 ≤ sign(α) sup
Ψa
〈ϕ|W †Ψa
(
∆AΩ|Ψa
)−α
WΨa|ϕ〉 (70)
We observe that
WΨa|ϕ〉 = WΨaa−1|ψa〉 = a−1|Ψa〉 = |Φ〉 . (71)
Therefore,
sign(α) sup
ψ
〈ϕ| (∆Aω|ψ)−α |ϕ〉 ≤ sign(α) sup
Ψa
〈Φ| (∆AΩ|Ψa)−α |Φ〉
≤ sign(α) sup
Ψ
〈Φ| (∆AΩ|Ψ)−α |Φ〉 (72)
Hence, we have established a simple proof of the monotonicity of the sandwiched Re´nyi
divergence:
Sα(ϕ‖ω) ≤ Sα(Φ‖Ω) . (73)
6 Constraining Correlation Functions
In this section, we start with the expression for the sandwiched Re´nyi divergence in
terms of density matrices in (66) and use the Euclidean path-integral formalism to
write them in terms of correlation functions. At the first look, this appears to be
against our philosophy to avoid the use of density matrices in quantum field theory.
However, since we defined our Re´nyi families directly within the modular theory we
are guaranteed that they are ultraviolet finite for states Φ|Ω〉 with Φ an operator
in the algebra or the commutant. This is manifestly the case in [16] that writes the
sandwiched Re´nyi divergence for values of α = 1− 1
n
and positive integer n > 1 in terms
one-sheeted Euclidean 2n-point correlation functions. We review this construction
below. It is to be contrasted with the standard expression for Re´nyi entropies that
is an n-sheeted partition function and ultraviolet divergent. Unfortunately, the Petz
divergence involves fractional powers of both density matrices for all values of α and we
cannot have a simple Euclidean path-integral representation for it, except for the case
that the excited state is the vacuum of the theory deformed with a relevant operator,
e.g. see [26]. For the remainder of this section, we focus on the sandwiched Re´nyi
divergence.
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Path-integral approach
Consider the vacuum of a quantum field theory |Ω〉, an operator Φ supported in A′ and
excited states |Φ〉 = ∆−θ/piΦ|Ω〉 with 0 ≤ θ ≤ 1/2 [6]. These states can be represented
by a Euclidean path-integral in the lower half-plane with an operator Φ inserted at
angle −(pi−θ); see figure 1. The vacuum density matrix ωA for half-space x1 > 0 is the
path-integral on the whole plane with a cut above and below the positive real line, and
similarly for φA with two operator insertions Φ and Φ
† at angle −(pi − θ) and (pi − θ),
respectively. If θ + piα ≤ pi there is a path-integral representation for the operator
ω−α/2φω−α/2 as a wedge of angle 2pi(1 − α) with two operator insertions; figure 1. If
we choose α such that 1− α = 1
n
with n > 1 a positive integer, n such wedges can be
sewn together to obtain tr
(
(ω
1−n
2n φω
1−n
2n )n
)
as a 2n-point function of Φ and Φ† with
operators inserted at z
(±)
k = re
i( 2kpi
n
±θ) for k = 0, · · · , n− 1:
tr
(
(ω
1−n
2n φω
1−n
2n )n
)
=
〈
n−1∏
k=0
Φ†(z+k )Φ(z
−
k )
〉
(74)
where we have suppressed the D − 2 perpendicular directions x⊥. For integer n > 1
the sandwiched Re´nyi divergence in (66) is given by the following Euclidean correlation
function
SA
1− 1
n
(Φ‖Ω) = 1
n− 1 log
(〈∏n−1
k=0 Φ
†(z+k )Φ(z
−
k )
〉
〈Φ†(z+0 )Φ(z−0 )〉n
)
. (75)
The allows us to relate the monotonicity of sandwiched Re´nyi divergences to constraints
on correlation functions. It is worth noting that the non-negativity of sandwiched Re´nyi
divergence is already a non-trivial constraint implying that for all positive integer n > 1
the numerator in (75) is larger than the denominator.
We would like to understand how the correlator in (75) changes as we change
the region A. As we discussed in section 2, for a one-parameter family of smooth
deformations given by Uλ with U0 = 1 that are symmetries of the vacuum state, the
relative modular operator transforms according to
∆
A(λ)
Ψ|Ω = U
†
λ∆
A
UλΨ|ΩUλ . (76)
Plugging this into the definition of the sandwiched Re´nyi divergence we find
SA(λ)α (Φ‖Ω) = SAα (UλΦ‖Ω) . (77)
The unitary Uλ acts geometrically on local operators: Φ(z)→ Φ(λ)(zλ). The sand-
wiched Re´nyi divergence of the deformed region A(λ) is given by the expression in (75)
with Φ(z) replaced with Φ(λ)(zλ).
To be specific, we consider the Rindler space parameterized by (z, x⊥) where z =
x + iτ and x⊥ are the perpendicular directions. We focus on two classes of shape
deformations and assume that operator Φ is a scalar:
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<latexit sha1_base64= "lvsOy4SEoSIpg6Lm2eHNKuo0bdo=">AAAB7XicbVD LSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJb zJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5Nr qU0nYhakUNBEgRI6qQGWRBLa0fh25refwFih1QNOUg gTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yld voHmWgEIumbXdwE8xzJlBwSVMy73MQsr4mA2h66hiC dgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILns z8T+vm2F8E+ZCpRmC4otFcSYpajp7nQ6EAY5y4gjj RrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEj klZ+SCBOSa1MkdaZAm4eSRPJNX8uZp78V79z4WrWte MXNC/sD7/AGejY8W</latexit><latexit sha1_base64= "lvsOy4SEoSIpg6Lm2eHNKuo0bdo=">AAAB7XicbVD LSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJb zJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5Nr qU0nYhakUNBEgRI6qQGWRBLa0fh25refwFih1QNOUg gTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yld voHmWgEIumbXdwE8xzJlBwSVMy73MQsr4mA2h66hiC dgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILns z8T+vm2F8E+ZCpRmC4otFcSYpajp7nQ6EAY5y4gjj RrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEj klZ+SCBOSa1MkdaZAm4eSRPJNX8uZp78V79z4WrWte MXNC/sD7/AGejY8W</latexit><latexit sha1_base64= "lvsOy4SEoSIpg6Lm2eHNKuo0bdo=">AAAB7XicbVD LSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJb zJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5Nr qU0nYhakUNBEgRI6qQGWRBLa0fh25refwFih1QNOUg gTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yld voHmWgEIumbXdwE8xzJlBwSVMy73MQsr4mA2h66hiC dgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILns z8T+vm2F8E+ZCpRmC4otFcSYpajp7nQ6EAY5y4gjj RrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEj klZ+SCBOSa1MkdaZAm4eSRPJNX8uZp78V79z4WrWte MXNC/sD7/AGejY8W</latexit><latexit sha1_base64= "lvsOy4SEoSIpg6Lm2eHNKuo0bdo=">AAAB7XicbVD LSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJb zJmdmaZ6RXCkn/w4kERr/6PN//GSbIHTSxoKKq66e 6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5Nr qU0nYhakUNBEgRI6qQGWRBLa0fh25refwFih1QNOUg gTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yld voHmWgEIumbXdwE8xzJlBwSVMy73MQsr4mA2h66hiC dgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILns z8T+vm2F8E+ZCpRmC4otFcSYpajp7nQ6EAY5y4gjj RrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEj klZ+SCBOSa1MkdaZAm4eSRPJNX8uZp78V79z4WrWte MXNC/sD7/AGejY8W</latexit>
(a)
<latexit sha1_base64= "Jl4SrqGNbdHkt7uQMWp5nDKkZng=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWy3 bRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDD PzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gcjv3O09MaR7LRz NNmB/hSPKQUzRWeqji5aBccWvuAmSdeDmpQI7moPz VH8Y0jZg0VKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lE iOm/Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZoxnr Vm4v/eb3UhDd+xmWSGibpclGYCmJiMv+bDLli1Iip JUgVt7cSOkaF1Nh0SjYEb/XlddK+qnluzbuvVxpuHk cRzuAcquDBNTTgDprQAgojeIZXeHOE8+K8Ox/L1oKT z5zCHzifP4NBjTg=</latexit><latexit sha1_base64= "Jl4SrqGNbdHkt7uQMWp5nDKkZng=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWy3 bRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDD PzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gcjv3O09MaR7LRz NNmB/hSPKQUzRWeqji5aBccWvuAmSdeDmpQI7moPz VH8Y0jZg0VKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lE iOm/Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZoxnr Vm4v/eb3UhDd+xmWSGibpclGYCmJiMv+bDLli1Iip JUgVt7cSOkaF1Nh0SjYEb/XlddK+qnluzbuvVxpuHk cRzuAcquDBNTTgDprQAgojeIZXeHOE8+K8Ox/L1oKT z5zCHzifP4NBjTg=</latexit><latexit sha1_base64= "Jl4SrqGNbdHkt7uQMWp5nDKkZng=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWy3 bRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDD PzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gcjv3O09MaR7LRz NNmB/hSPKQUzRWeqji5aBccWvuAmSdeDmpQI7moPz VH8Y0jZg0VKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lE iOm/Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZoxnr Vm4v/eb3UhDd+xmWSGibpclGYCmJiMv+bDLli1Iip JUgVt7cSOkaF1Nh0SjYEb/XlddK+qnluzbuvVxpuHk cRzuAcquDBNTTgDprQAgojeIZXeHOE8+K8Ox/L1oKT z5zCHzifP4NBjTg=</latexit><latexit sha1_base64= "Jl4SrqGNbdHkt7uQMWp5nDKkZng=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWy3 bRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDD PzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmL xiJW3QA1E1yyluFGsG6iGEaBYJ1gcjv3O09MaR7LRz NNmB/hSPKQUzRWeqji5aBccWvuAmSdeDmpQI7moPz VH8Y0jZg0VKDWPc9NjJ+hMpwKNiv1U80SpBMcsZ6lE iOm/Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZoxnr Vm4v/eb3UhDd+xmWSGibpclGYCmJiMv+bDLli1Iip JUgVt7cSOkaF1Nh0SjYEb/XlddK+qnluzbuvVxpuHk cRzuAcquDBNTTgDprQAgojeIZXeHOE8+K8Ox/L1oKT z5zCHzifP4NBjTg=</latexit>
| i
<latexit sha1_base64= "3z5Pj5mYerVwgLM4oVVoeqvBuqg=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF48V7Ac0oWy2k 3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYW ZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZ IhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM0 0xiOlI8ogzaqzkP/mtMfcVlSOBg2rNrbsLkHXiFaQ GBVqD6pc/TFgWozRMUK37npuaIKfKcCZwVvEzjSllE zrCvqWSxqiDfHHzjFxYZUiiRNmShizU3xM5jbWexqH tjKkZ61VvLv7n9TMT3QQ5l2lmULLloigTxCRkHgAZ coXMiKkllClubyVsTBVlxsZUsSF4qy+vk85V3XPr3v 11rekWcZThDM7hEjxoQBPuoAVtYJDCM7zCm5M5L867 87FsLTnFzCn8gfP5AyQtka4=</latexit><latexit sha1_base64= "3z5Pj5mYerVwgLM4oVVoeqvBuqg=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF48V7Ac0oWy2k 3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYW ZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZ IhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM0 0xiOlI8ogzaqzkP/mtMfcVlSOBg2rNrbsLkHXiFaQ GBVqD6pc/TFgWozRMUK37npuaIKfKcCZwVvEzjSllE zrCvqWSxqiDfHHzjFxYZUiiRNmShizU3xM5jbWexqH tjKkZ61VvLv7n9TMT3QQ5l2lmULLloigTxCRkHgAZ coXMiKkllClubyVsTBVlxsZUsSF4qy+vk85V3XPr3v 11rekWcZThDM7hEjxoQBPuoAVtYJDCM7zCm5M5L867 87FsLTnFzCn8gfP5AyQtka4=</latexit><latexit sha1_base64= "3z5Pj5mYerVwgLM4oVVoeqvBuqg=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF48V7Ac0oWy2k 3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYW ZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZ IhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM0 0xiOlI8ogzaqzkP/mtMfcVlSOBg2rNrbsLkHXiFaQ GBVqD6pc/TFgWozRMUK37npuaIKfKcCZwVvEzjSllE zrCvqWSxqiDfHHzjFxYZUiiRNmShizU3xM5jbWexqH tjKkZ61VvLv7n9TMT3QQ5l2lmULLloigTxCRkHgAZ coXMiKkllClubyVsTBVlxsZUsSF4qy+vk85V3XPr3v 11rekWcZThDM7hEjxoQBPuoAVtYJDCM7zCm5M5L867 87FsLTnFzCn8gfP5AyQtka4=</latexit><latexit sha1_base64= "3z5Pj5mYerVwgLM4oVVoeqvBuqg=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF48V7Ac0oWy2k 3bpZhN2N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYW ZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZ IhLVC6lGwSW2DTcCe6lCGocCu+Hkdu53H1FpnsgHM0 0xiOlI8ogzaqzkP/mtMfcVlSOBg2rNrbsLkHXiFaQ GBVqD6pc/TFgWozRMUK37npuaIKfKcCZwVvEzjSllE zrCvqWSxqiDfHHzjFxYZUiiRNmShizU3xM5jbWexqH tjKkZ61VvLv7n9TMT3QQ5l2lmULLloigTxCRkHgAZ coXMiKkllClubyVsTBVlxsZUsSF4qy+vk85V3XPr3v 11rekWcZThDM7hEjxoQBPuoAVtYJDCM7zCm5M5L867 87FsLTnFzCn8gfP5AyQtka4=</latexit>
A<latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit> A<latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit><latexit sha1_base64="lN782Ek/ESYCTZvFKWFp hMFonGc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz /Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFN AoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnO BM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLko TAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U3TyOIpzBOVyCBzWowz00oAUMEJ7 hFd6cR+fFeXc+lq0FJ585hT9wPn8AjXOMsw==</latexit>
 
<latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit>
✓
<latexit sha1_base64="lvsOy4SEoSIpg6Lm2eHN Kuo0bdo=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJbzJmdmaZ6RXCkn/w4kERr/ 6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5NrqU0nYhakUNBEgRI6qQGWR BLa0fh25refwFih1QNOUggTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yldvoHmWgEIumbXdwE8xzJlB wSVMy73MQsr4mA2h66hiCdgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILnsz8T+vm2F8E+ZCpRmC4otF cSYpajp7nQ6EAY5y4gjjRrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEjklZ+SCBOSa1MkdaZAm4eS RPJNX8uZp78V79z4WrWteMXNC/sD7/AGejY8W</latexit><latexit sha1_base64="lvsOy4SEoSIpg6Lm2eHN Kuo0bdo=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJbzJmdmaZ6RXCkn/w4kERr/ 6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5NrqU0nYhakUNBEgRI6qQGWR BLa0fh25refwFih1QNOUggTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yldvoHmWgEIumbXdwE8xzJlB wSVMy73MQsr4mA2h66hiCdgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILnsz8T+vm2F8E+ZCpRmC4otF cSYpajp7nQ6EAY5y4gjjRrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEjklZ+SCBOSa1MkdaZAm4eS RPJNX8uZp78V79z4WrWteMXNC/sD7/AGejY8W</latexit><latexit sha1_base64="lvsOy4SEoSIpg6Lm2eHN Kuo0bdo=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJbzJmdmaZ6RXCkn/w4kERr/ 6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5NrqU0nYhakUNBEgRI6qQGWR BLa0fh25refwFih1QNOUggTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yldvoHmWgEIumbXdwE8xzJlB wSVMy73MQsr4mA2h66hiCdgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILnsz8T+vm2F8E+ZCpRmC4otF cSYpajp7nQ6EAY5y4gjjRrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEjklZ+SCBOSa1MkdaZAm4eS RPJNX8uZp78V79z4WrWteMXNC/sD7/AGejY8W</latexit><latexit sha1_base64="lvsOy4SEoSIpg6Lm2eHN Kuo0bdo=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjw4jGCeUCyhNlJbzJmdmaZ6RXCkn/w4kERr/ 6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeGQ5NrqU0nYhakUNBEgRI6qQGWR BLa0fh25refwFih1QNOUggTNlQiFpyhk1o9HAGyfqXq1/w56CoJClIlBRr9yldvoHmWgEIumbXdwE8xzJlB wSVMy73MQsr4mA2h66hiCdgwn187pedOGdBYG1cK6Vz9PZGzxNpJErnOhOHILnsz8T+vm2F8E+ZCpRmC4otF cSYpajp7nQ6EAY5y4gjjRrhbKR8xwzi6gMouhGD55VXSuqwFfi24v6rW/SKOEjklZ+SCBOSa1MkdaZAm4eS RPJNX8uZp78V79z4WrWteMXNC/sD7/AGejY8W</latexit>
 †
<latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit>
 A
<latexit sha1_base64="ockx0WYaO3OKOKGqYYTY MxcBLGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikc SSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLivZteueJX/TnIKglyUoEc9V75q9tXLI1RWiaoMZ3AT2yY UW05EzgtdVODCWVjOsSOo5LGaMJsfu2UnDmlTwZKu5KWzNXfExmNjZnEkeuMqR2ZZW8m/ud1Uju4DjMuk9Si ZItFg1QQq8jsddLnGpkVE0co09zdStiIasqsC6jkQgiWX14lzYtq4FeD+8tKzc/jKMIJnMI5BHAFNbiDOjS AwSM8wyu8ecp78d69j0VrwctnjuEPvM8fThyO4Q==</latexit><latexit sha1_base64="ockx0WYaO3OKOKGqYYTY MxcBLGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikc SSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLivZteueJX/TnIKglyUoEc9V75q9tXLI1RWiaoMZ3AT2yY UW05EzgtdVODCWVjOsSOo5LGaMJsfu2UnDmlTwZKu5KWzNXfExmNjZnEkeuMqR2ZZW8m/ud1Uju4DjMuk9Si ZItFg1QQq8jsddLnGpkVE0co09zdStiIasqsC6jkQgiWX14lzYtq4FeD+8tKzc/jKMIJnMI5BHAFNbiDOjS AwSM8wyu8ecp78d69j0VrwctnjuEPvM8fThyO4Q==</latexit><latexit sha1_base64="ockx0WYaO3OKOKGqYYTY MxcBLGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikc SSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLivZteueJX/TnIKglyUoEc9V75q9tXLI1RWiaoMZ3AT2yY UW05EzgtdVODCWVjOsSOo5LGaMJsfu2UnDmlTwZKu5KWzNXfExmNjZnEkeuMqR2ZZW8m/ud1Uju4DjMuk9Si ZItFg1QQq8jsddLnGpkVE0co09zdStiIasqsC6jkQgiWX14lzYtq4FeD+8tKzc/jKMIJnMI5BHAFNbiDOjS AwSM8wyu8ecp78d69j0VrwctnjuEPvM8fThyO4Q==</latexit><latexit sha1_base64="ockx0WYaO3OKOKGqYYTY MxcBLGY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeIF48RzAOSJcxOOsmY2ZllZlYIS/7BiwdFvP o/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqhg2mhNLtiBoUXGLDciuwnWikc SSwFY1vZ37rCbXhSj7YSYJhTIeSDzij1knNbjLivZteueJX/TnIKglyUoEc9V75q9tXLI1RWiaoMZ3AT2yY UW05EzgtdVODCWVjOsSOo5LGaMJsfu2UnDmlTwZKu5KWzNXfExmNjZnEkeuMqR2ZZW8m/ud1Uju4DjMuk9Si ZItFg1QQq8jsddLnGpkVE0co09zdStiIasqsC6jkQgiWX14lzYtq4FeD+8tKzc/jKMIJnMI5BHAFNbiDOjS AwSM8wyu8ecp78d69j0VrwctnjuEPvM8fThyO4Q==</latexit>
(c)
<latexit sha1_base64="53iJhaP4ZW9a5QxjaC6L ELhiq5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+o RsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7Y clGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxpuHkcRzuAcquDBNTTgDprQAgY jeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4ZLjTo=</latexit><latexit sha1_base64="53iJhaP4ZW9a5QxjaC6L ELhiq5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+o RsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7Y clGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxpuHkcRzuAcquDBNTTgDprQAgY jeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4ZLjTo=</latexit><latexit sha1_base64="53iJhaP4ZW9a5QxjaC6L ELhiq5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+o RsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7Y clGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxpuHkcRzuAcquDBNTTgDprQAgY jeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4ZLjTo=</latexit><latexit sha1_base64="53iJhaP4ZW9a5QxjaC6L ELhiq5Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+o RsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDG/8TKgkRa7Y clGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddK+qnluzbuvVxpuHkcRzuAcquDBNTTgDprQAgY jeIZXeHOk8+K8Ox/L1oKTz5zCHzifP4ZLjTo=</latexit>
(b)
<latexit sha1_base64="Quv2Fcn5ZgCKHKELAy04 iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9R jYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrzTcPI4inME5VMGDa2jAHTShBQx G8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</latexit><latexit sha1_base64="Quv2Fcn5ZgCKHKELAy04 iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9R jYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrzTcPI4inME5VMGDa2jAHTShBQx G8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</latexit><latexit sha1_base64="Quv2Fcn5ZgCKHKELAy04 iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9R jYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrzTcPI4inME5VMGDa2jAHTShBQx G8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</latexit><latexit sha1_base64="Quv2Fcn5ZgCKHKELAy04 iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/ 4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoT qNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9R jYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN74mVBJilyx 5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrzTcPI4inME5VMGDa2jAHTShBQx G8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</latexit>
 
<latexit sha1_base64= "c2a1vafJFiseYgUkbhionPs6h2s=">AAAB63icbVB NSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2 W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYW ZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVo IhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tL OUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/ DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRR SQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx 6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswc IVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxl GFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6ic OYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64= "c2a1vafJFiseYgUkbhionPs6h2s=">AAAB63icbVB NSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2 W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYW ZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVo IhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tL OUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/ DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRR SQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx 6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswc IVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxl GFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6ic OYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64= "c2a1vafJFiseYgUkbhionPs6h2s=">AAAB63icbVB NSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2 W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYW ZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVo IhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tL OUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/ DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRR SQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx 6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswc IVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxl GFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6ic OYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64= "c2a1vafJFiseYgUkbhionPs6h2s=">AAAB63icbVB NSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2 W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYW ZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVo IhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tL OUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/ DcUIzyZSlghgz8L3UBjnRllPB5rVhZlhK6JRM2MBRR SQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx 6hfifN8hsdBvkXKWZZYouF0WZwDbBxeN4zDWjVswc IVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxl GFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6ic OYU/QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64= "y8yycgBTljDLxRwQMK/rC0VLHNo=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabS bt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMD MvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDss Fal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3Zp JhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkk aUKI9qH/5UcryBKVhgmrd99zMBAVVhjOB05qfa8woG 9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS 2M6FmpJe9mfif189NfB0UXGa5QckWi+JcEJOSWQAk 4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vb vLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjv zseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64= "y8yycgBTljDLxRwQMK/rC0VLHNo=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabS bt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMD MvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDss Fal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3Zp JhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkk aUKI9qH/5UcryBKVhgmrd99zMBAVVhjOB05qfa8woG 9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS 2M6FmpJe9mfif189NfB0UXGa5QckWi+JcEJOSWQAk 4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vb vLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjv zseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64= "y8yycgBTljDLxRwQMK/rC0VLHNo=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabS bt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMD MvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDss Fal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3Zp JhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkk aUKI9qH/5UcryBKVhgmrd99zMBAVVhjOB05qfa8woG 9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS 2M6FmpJe9mfif189NfB0UXGa5QckWi+JcEJOSWQAk 4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vb vLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjv zseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64= "y8yycgBTljDLxRwQMK/rC0VLHNo=">AAAB83icbVB NS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabS bt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMD MvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDss Fal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3Zp JhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkk aUKI9qH/5UcryBKVhgmrd99zMBAVVhjOB05qfa8woG 9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS 2M6FmpJe9mfif189NfB0UXGa5QckWi+JcEJOSWQAk 4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vb vLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjv zseiteKUM8fwB87nD95DkYE=</latexit>
2✓
<latexit sha1_base64= "wIw55W9OjE2nvvDjg9E8LHpGiRs=">AAAB7nicbVD LSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT3 mTI7IOZXiEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q 4gVdKQ6347G5tb2zu7pb3y/sHh0XHl5LRtkkwLbIlE JbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80Td GP+CiWoRScrNSp92mMxAeVqltzF2DrxCtIFQo0B5W v/jARWYQxCcWN6XluSn7ONUmhcFbuZwZTLiZ8hD1LY x6h8fPFuTN2aZUhCxNtKya2UH9P5DwyZhoFtjPiNDa r3lz8z+tlFN76uYzTjDAWy0VhphglbP47G0qNgtTU Ei60tLcyMeaaC7IJlW0I3urL66Rdr3luzXu4rjbcIo 4SnMMFXIEHN9CAe2hCCwRM4Ble4c1JnRfn3flYtm44 xcwZ/IHz+QMQfo9S</latexit><latexit sha1_base64= "wIw55W9OjE2nvvDjg9E8LHpGiRs=">AAAB7nicbVD LSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT3 mTI7IOZXiEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q 4gVdKQ6347G5tb2zu7pb3y/sHh0XHl5LRtkkwLbIlE JbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80Td GP+CiWoRScrNSp92mMxAeVqltzF2DrxCtIFQo0B5W v/jARWYQxCcWN6XluSn7ONUmhcFbuZwZTLiZ8hD1LY x6h8fPFuTN2aZUhCxNtKya2UH9P5DwyZhoFtjPiNDa r3lz8z+tlFN76uYzTjDAWy0VhphglbP47G0qNgtTU Ei60tLcyMeaaC7IJlW0I3urL66Rdr3luzXu4rjbcIo 4SnMMFXIEHN9CAe2hCCwRM4Ble4c1JnRfn3flYtm44 xcwZ/IHz+QMQfo9S</latexit><latexit sha1_base64= "wIw55W9OjE2nvvDjg9E8LHpGiRs=">AAAB7nicbVD LSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT3 mTI7IOZXiEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q 4gVdKQ6347G5tb2zu7pb3y/sHh0XHl5LRtkkwLbIlE JbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80Td GP+CiWoRScrNSp92mMxAeVqltzF2DrxCtIFQo0B5W v/jARWYQxCcWN6XluSn7ONUmhcFbuZwZTLiZ8hD1LY x6h8fPFuTN2aZUhCxNtKya2UH9P5DwyZhoFtjPiNDa r3lz8z+tlFN76uYzTjDAWy0VhphglbP47G0qNgtTU Ei60tLcyMeaaC7IJlW0I3urL66Rdr3luzXu4rjbcIo 4SnMMFXIEHN9CAe2hCCwRM4Ble4c1JnRfn3flYtm44 xcwZ/IHz+QMQfo9S</latexit><latexit sha1_base64= "wIw55W9OjE2nvvDjg9E8LHpGiRs=">AAAB7nicbVD LSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkCbOT3 mTI7IOZXiEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q 4gVdKQ6347G5tb2zu7pb3y/sHh0XHl5LRtkkwLbIlE JbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80Td GP+CiWoRScrNSp92mMxAeVqltzF2DrxCtIFQo0B5W v/jARWYQxCcWN6XluSn7ONUmhcFbuZwZTLiZ8hD1LY x6h8fPFuTN2aZUhCxNtKya2UH9P5DwyZhoFtjPiNDa r3lz8z+tlFN76uYzTjDAWy0VhphglbP47G0qNgtTU Ei60tLcyMeaaC7IJlW0I3urL66Rdr3luzXu4rjbcIo 4SnMMFXIEHN9CAe2hCCwRM4Ble4c1JnRfn3flYtm44 xcwZ/IHz+QMQfo9S</latexit>
 
<latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit>
 
<latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit>
 
<latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit>
 
<latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit><latexit sha1_base64="c2a1vafJFiseYgUkbhio nPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h /y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81I zIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnR llPB5rVhZlhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBvkXKWZZYou F0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlpwD23oAIU YnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit><latexit sha1_base64="y8yycgBTljDLxRwQMK/r C0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaWDabSbt0swm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfif189NfB0U XGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95DkYE=</latexit>
(d)
<latexit sha1_base64= "qdICjOo4ZhhVoReVznz3nyVcFvw=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLUS0lE0GPBi8eK9gPaUDabT bt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMD MvSKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTjLdY IhPdDajhUijeQoGSd1PNaRxI3gnGtzO/88S1EYl6xE nK/ZgOlYgEo2ilh1p4MahU3bo7B1klXkGqUKA5qHz 1w4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepo jE3fj4/dUrOrRKSKNG2FJK5+nsip7ExkziwnTHFkVn 2ZuJ/Xi/D6MbPhUoz5IotFkWZJJiQ2d8kFJozlBNL KNPC3krYiGrK0KZTtiF4yy+vkvZl3XPr3v1VteEWcZ TgFM6gBh5cQwPuoAktYDCEZ3iFN0c6L86787FoXXOK mRP4A+fzB4fQjTs=</latexit><latexit sha1_base64= "qdICjOo4ZhhVoReVznz3nyVcFvw=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLUS0lE0GPBi8eK9gPaUDabT bt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMD MvSKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTjLdY IhPdDajhUijeQoGSd1PNaRxI3gnGtzO/88S1EYl6xE nK/ZgOlYgEo2ilh1p4MahU3bo7B1klXkGqUKA5qHz 1w4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepo jE3fj4/dUrOrRKSKNG2FJK5+nsip7ExkziwnTHFkVn 2ZuJ/Xi/D6MbPhUoz5IotFkWZJJiQ2d8kFJozlBNL KNPC3krYiGrK0KZTtiF4yy+vkvZl3XPr3v1VteEWcZ TgFM6gBh5cQwPuoAktYDCEZ3iFN0c6L86787FoXXOK mRP4A+fzB4fQjTs=</latexit><latexit sha1_base64= "qdICjOo4ZhhVoReVznz3nyVcFvw=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLUS0lE0GPBi8eK9gPaUDabT bt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMD MvSKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTjLdY IhPdDajhUijeQoGSd1PNaRxI3gnGtzO/88S1EYl6xE nK/ZgOlYgEo2ilh1p4MahU3bo7B1klXkGqUKA5qHz 1w4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepo jE3fj4/dUrOrRKSKNG2FJK5+nsip7ExkziwnTHFkVn 2ZuJ/Xi/D6MbPhUoz5IotFkWZJJiQ2d8kFJozlBNL KNPC3krYiGrK0KZTtiF4yy+vkvZl3XPr3v1VteEWcZ TgFM6gBh5cQwPuoAktYDCEZ3iFN0c6L86787FoXXOK mRP4A+fzB4fQjTs=</latexit><latexit sha1_base64= "qdICjOo4ZhhVoReVznz3nyVcFvw=">AAAB6nicbVB NS8NAEJ34WetX1aOXxSLUS0lE0GPBi8eK9gPaUDabT bt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMD MvSKUw6Lrfztr6xubWdmmnvLu3f3BYOTpumyTTjLdY IhPdDajhUijeQoGSd1PNaRxI3gnGtzO/88S1EYl6xE nK/ZgOlYgEo2ilh1p4MahU3bo7B1klXkGqUKA5qHz 1w4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepo jE3fj4/dUrOrRKSKNG2FJK5+nsip7ExkziwnTHFkVn 2ZuJ/Xi/D6MbPhUoz5IotFkWZJJiQ2d8kFJozlBNL KNPC3krYiGrK0KZTtiF4yy+vkvZl3XPr3v1VteEWcZ TgFM6gBh5cQwPuoAktYDCEZ3iFN0c6L86787FoXXOK mRP4A+fzB4fQjTs=</latexit>
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<latexit sha1_base64= "f0UUO54MCpSU7nRHKImrDHaHTwI=">AAACG3icdVD LSsNAFJ3UV62vqEs3g0VwY0mKoMuCG5cV7AOaWCbTS Tt0HmFmIpSQ/3Djr7hxoYgrwYV/47TNQls9cOFwzr 3ce0+UMKqN5305pZXVtfWN8mZla3tnd8/dP2hrmSpM WlgyqboR0oRRQVqGGka6iSKIR4x0ovHV1O/cE6WpFL dmkpCQo6GgMcXIWKnv1gPJyRDdZUGsEM78M5FndZH nQTKi/1h9t+rVvBngMvELUgUFmn33IxhInHIiDGZI6 57vJSbMkDIUM5JXglSTBOExGpKepQJxosNs9lsOT6w ygLFUtoSBM/XnRIa41hMe2U6OzEgvelPxL6+Xmvgy zKhIUkMEni+KUwaNhNOg4IAqgg2bWIKwovZWiEfIJm FsnBUbgr/48jJp12u+V/NvzqsNr4ijDI7AMTgFPrgA DXANmqAFMHgAT+AFvDqPzrPz5rzPW0tOMXMIfsH5/ AaMJKJI</latexit><latexit sha1_base64= "f0UUO54MCpSU7nRHKImrDHaHTwI=">AAACG3icdVD LSsNAFJ3UV62vqEs3g0VwY0mKoMuCG5cV7AOaWCbTS Tt0HmFmIpSQ/3Djr7hxoYgrwYV/47TNQls9cOFwzr 3ce0+UMKqN5305pZXVtfWN8mZla3tnd8/dP2hrmSpM WlgyqboR0oRRQVqGGka6iSKIR4x0ovHV1O/cE6WpFL dmkpCQo6GgMcXIWKnv1gPJyRDdZUGsEM78M5FndZH nQTKi/1h9t+rVvBngMvELUgUFmn33IxhInHIiDGZI6 57vJSbMkDIUM5JXglSTBOExGpKepQJxosNs9lsOT6w ygLFUtoSBM/XnRIa41hMe2U6OzEgvelPxL6+Xmvgy zKhIUkMEni+KUwaNhNOg4IAqgg2bWIKwovZWiEfIJm FsnBUbgr/48jJp12u+V/NvzqsNr4ijDI7AMTgFPrgA DXANmqAFMHgAT+AFvDqPzrPz5rzPW0tOMXMIfsH5/ AaMJKJI</latexit><latexit sha1_base64= "f0UUO54MCpSU7nRHKImrDHaHTwI=">AAACG3icdVD LSsNAFJ3UV62vqEs3g0VwY0mKoMuCG5cV7AOaWCbTS Tt0HmFmIpSQ/3Djr7hxoYgrwYV/47TNQls9cOFwzr 3ce0+UMKqN5305pZXVtfWN8mZla3tnd8/dP2hrmSpM WlgyqboR0oRRQVqGGka6iSKIR4x0ovHV1O/cE6WpFL dmkpCQo6GgMcXIWKnv1gPJyRDdZUGsEM78M5FndZH nQTKi/1h9t+rVvBngMvELUgUFmn33IxhInHIiDGZI6 57vJSbMkDIUM5JXglSTBOExGpKepQJxosNs9lsOT6w ygLFUtoSBM/XnRIa41hMe2U6OzEgvelPxL6+Xmvgy zKhIUkMEni+KUwaNhNOg4IAqgg2bWIKwovZWiEfIJm FsnBUbgr/48jJp12u+V/NvzqsNr4ijDI7AMTgFPrgA DXANmqAFMHgAT+AFvDqPzrPz5rzPW0tOMXMIfsH5/ AaMJKJI</latexit><latexit sha1_base64= "f0UUO54MCpSU7nRHKImrDHaHTwI=">AAACG3icdVD LSsNAFJ3UV62vqEs3g0VwY0mKoMuCG5cV7AOaWCbTS Tt0HmFmIpSQ/3Djr7hxoYgrwYV/47TNQls9cOFwzr 3ce0+UMKqN5305pZXVtfWN8mZla3tnd8/dP2hrmSpM WlgyqboR0oRRQVqGGka6iSKIR4x0ovHV1O/cE6WpFL dmkpCQo6GgMcXIWKnv1gPJyRDdZUGsEM78M5FndZH nQTKi/1h9t+rVvBngMvELUgUFmn33IxhInHIiDGZI6 57vJSbMkDIUM5JXglSTBOExGpKepQJxosNs9lsOT6w ygLFUtoSBM/XnRIa41hMe2U6OzEgvelPxL6+Xmvgy zKhIUkMEni+KUwaNhNOg4IAqgg2bWIKwovZWiEfIJm FsnBUbgr/48jJp12u+V/NvzqsNr4ijDI7AMTgFPrgA DXANmqAFMHgAT+AFvDqPzrPz5rzPW0tOMXMIfsH5/ AaMJKJI</latexit>
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<latexit sha1_base64="Ooiu3jkSIuz8hf7tQyKk tIv0DwI=">AAACOXicdZDLSsNAFIYn3q23qEs3wSLowpIUQZcFNy4rWCs0tUymJ8ngZBJmToQS8lpufAt3gh sXirj1BZy2WXg9MMPH/5/DzPmDTHCNrvtozczOzS8sLi3XVlbX1jfsza1LneaKQYelIlVXAdUguIQOchRwl SmgSSCgG9ycjv3uLSjNU3mBowz6CY0kDzmjaKSB3UblCwhxv7rTBCJ6XfihoqzwDmVZNGVZ+lnM/7MUj2I8 uJYVDOy623An5fwGr4I6qao9sB/8YcryBCQyQbXueW6G/YIq5ExAWfNzDRllNzSCnkFJE9D9YrJ56ewZZeiE qTJHojNRv04UNNF6lASmM6EY65/eWPzL6+UYnvQLLrMcQbLpQ2EuHEydcYzOkCtgKEYGKFPc/NVhMTXJoAm 7ZkLwfq78Gy6bDc9teOdH9ZZbxbFEdsgu2SceOSYtckbapEMYuSNP5IW8WvfWs/VmvU9bZ6xqZpt8K+vjEw s+rso=</latexit><latexit sha1_base64="Ooiu3jkSIuz8hf7tQyKk tIv0DwI=">AAACOXicdZDLSsNAFIYn3q23qEs3wSLowpIUQZcFNy4rWCs0tUymJ8ngZBJmToQS8lpufAt3gh sXirj1BZy2WXg9MMPH/5/DzPmDTHCNrvtozczOzS8sLi3XVlbX1jfsza1LneaKQYelIlVXAdUguIQOchRwl SmgSSCgG9ycjv3uLSjNU3mBowz6CY0kDzmjaKSB3UblCwhxv7rTBCJ6XfihoqzwDmVZNGVZ+lnM/7MUj2I8 uJYVDOy623An5fwGr4I6qao9sB/8YcryBCQyQbXueW6G/YIq5ExAWfNzDRllNzSCnkFJE9D9YrJ56ewZZeiE qTJHojNRv04UNNF6lASmM6EY65/eWPzL6+UYnvQLLrMcQbLpQ2EuHEydcYzOkCtgKEYGKFPc/NVhMTXJoAm 7ZkLwfq78Gy6bDc9teOdH9ZZbxbFEdsgu2SceOSYtckbapEMYuSNP5IW8WvfWs/VmvU9bZ6xqZpt8K+vjEw s+rso=</latexit><latexit sha1_base64="Ooiu3jkSIuz8hf7tQyKk tIv0DwI=">AAACOXicdZDLSsNAFIYn3q23qEs3wSLowpIUQZcFNy4rWCs0tUymJ8ngZBJmToQS8lpufAt3gh sXirj1BZy2WXg9MMPH/5/DzPmDTHCNrvtozczOzS8sLi3XVlbX1jfsza1LneaKQYelIlVXAdUguIQOchRwl SmgSSCgG9ycjv3uLSjNU3mBowz6CY0kDzmjaKSB3UblCwhxv7rTBCJ6XfihoqzwDmVZNGVZ+lnM/7MUj2I8 uJYVDOy623An5fwGr4I6qao9sB/8YcryBCQyQbXueW6G/YIq5ExAWfNzDRllNzSCnkFJE9D9YrJ56ewZZeiE qTJHojNRv04UNNF6lASmM6EY65/eWPzL6+UYnvQLLrMcQbLpQ2EuHEydcYzOkCtgKEYGKFPc/NVhMTXJoAm 7ZkLwfq78Gy6bDc9teOdH9ZZbxbFEdsgu2SceOSYtckbapEMYuSNP5IW8WvfWs/VmvU9bZ6xqZpt8K+vjEw s+rso=</latexit><latexit sha1_base64="Ooiu3jkSIuz8hf7tQyKk tIv0DwI=">AAACOXicdZDLSsNAFIYn3q23qEs3wSLowpIUQZcFNy4rWCs0tUymJ8ngZBJmToQS8lpufAt3gh sXirj1BZy2WXg9MMPH/5/DzPmDTHCNrvtozczOzS8sLi3XVlbX1jfsza1LneaKQYelIlVXAdUguIQOchRwl SmgSSCgG9ycjv3uLSjNU3mBowz6CY0kDzmjaKSB3UblCwhxv7rTBCJ6XfihoqzwDmVZNGVZ+lnM/7MUj2I8 uJYVDOy623An5fwGr4I6qao9sB/8YcryBCQyQbXueW6G/YIq5ExAWfNzDRllNzSCnkFJE9D9YrJ56ewZZeiE qTJHojNRv04UNNF6lASmM6EY65/eWPzL6+UYnvQLLrMcQbLpQ2EuHEydcYzOkCtgKEYGKFPc/NVhMTXJoAm 7ZkLwfq78Gy6bDc9teOdH9ZZbxbFEdsgu2SceOSYtckbapEMYuSNP5IW8WvfWs/VmvU9bZ6xqZpt8K+vjEw s+rso=</latexit>
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Figure 1: The Euclidean path integrals that prepare (a) excited state |Φ〉, (b) vacuum
density matrix on region A, (c) the density matrix of A in the excited state. (d) The operator
ω
1−n
2n φω
1−n
2n corresponds to a path-integral on a wedge of angular size 2pi/n. (e) The correlator
that appears in the definition of the sandwiched Re´nyi divergence.
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1. Translations: The unitary Uλ(ζ) = e
iλPζ with Pζ = ζ0P
0 + ζ1P
1 corresponds to
a translation in ζ direction.
2. Null deformations: The unitary Uλ(f, x⊥) = eiλQf withQf =
∫
duf(x⊥)Tuu(u, x⊥)
a conserved charge associated with deformations on a null hypersurface parame-
terized by u = t− r and x⊥.
The second class includes the first one as a special case.17 However, it is harder to
work with Qf because, as opposed to Pζ , it is not a topological charge. If the states
we consider are created by the action of only one operator acting on the vacuum, then
Uλ(f, x⊥) acts as:
Uλ(f, x⊥)Φ(z, x⊥)|Ω〉 = Uλ(ζ)Φ(z, x⊥)|Ω〉, (78)
where ζ = f(x⊥)∂u is a null translation. We will use this simplifying assumption and
postpone the study of the consequences of monotonicity under null deformations for
general states to future work.
Consider the Euclidean translation (τ, x1)→ (τ + λζ0, x1 + λ) then
Φ(−τ0, x1)→ e−λ(ζ0P 0+P 1)Φ(−τ0, x1)eλ(ζ0P 0+P 1) = Φ(−τ0 − λζ0, x1 − λ),
Φ†(τ0, x1)→ e−λ(−ζ¯0P 0+P 1)Φ†(τ0, x1)eλ(−ζ¯0P 0+P 1) = Φ†(τ0 + λζ¯0, x1 − λ), (79)
where we have taken a0 to be complex so that we can analytically continue it to
real time. If we take a0 to be pure imaginary the pair Φ
†Φ move together and the
denominator in (75) stay the same. The other pairs of operators Φ†Φ in the numerator
of (75) are the same as Φ†Φ above but rotated by 2pik/n. To simplify our notation, we
refer to Φ(zk) as Φk.
Changing the region corresponds to moving Φ in the path-integral. The first deriva-
tives in shape deformation corresponds to the first λ derivatives in (79). The mth λ
derivative is a nested commutator of the pair Φ†Φ with the momentum that generates
the translation:
dm
dλm
(Φ†Φ) =
1
m!
[Pζ , [Pζ , · · · , [Pζ ,Φ†Φ]]] . (80)
The momentum Pζ is a topological charge, so it can be written as
Pζ =
∫
C
dΣiζjTij, (81)
where C is any codimension one surface that encircles the pair Φ†Φ and no other
operators. We choose this surface to be x1 = c with τ0 sin(pi/n) < c < x1; see figure 2.
The momentum Pζ written on this surface is
Pζ =
∫
dτ (Tx1x1 + ζ0Tτx1) = P
1 + ζ0P
0, (82)
17The statement that the second class of transformation are symmetries of the vacuum is the
so-called Markov property of the vacuum in quantum field theory [27, 28].
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where P 0 and P 1 are momenta in τ and x1 directions, respectively. We are interested
in deformations of region A that send (x0, x1)→ (x0 + it, x1 + λ) with t < 1, so we set
ζ0 = it. This makes sure A(λ) ⊂ A(λ′) for any λ < λ′.
To the first order in λ by rotation symmetry we have
∂λS
A(λ)
1− 1
n
(Φ‖Ω)λ=0 = n〈[Pζ ,Φ
†
0Φ0]Φ
†
1Φ1 · · ·Φ†n−1Φn−1〉
〈Φ†0Φ0 · · ·Φ†n−1Φn−1〉
(83)
where the factor of n comes the rotation invariance of correlators. It is convenient to
interpret the correlator above by choosing ∂x1 as the generator of time-translations.
In this quantization frame, P 1 becomes the Hamiltonian and PL = iP
0 becomes the
Lorentzian momentum along a spacelike direction; see figure 2. Therefore, the mono-
tonicity of Re´nyi divergences can be understood as the non-negativity of the following
off-diagonal matrix elements of H − tPL with 0 < t < 1:
∀n ≥ 1 : 〈Φ†0Φ0|H − tPL|Φ†1Φ1 · · ·Φ†n−1Φn−1〉 ≥ 0 . (84)
Note that the denominator in (83) is manifestly positive from reflection positivity
around τ = 0. Since H − tPL = tPu + (1 − t)H with Pu the null momentum in u
direction, we only need to consider the constraint at t = 0 and t = 1. When n = 2
the inequality above follows from the positivity of Pu. To our knowledge, for n > 2
this is a new constraint that does not follow from any of known inequalities in a trivial
way.18 The physical interpretation of this result is that not only H and Pu are positive
operators but also they have the following non-zero off-diagonal matrix elements:
〈O|Pu|On−1〉 ≥ 0, 〈O|H|On−1〉 ≥ 0 (85)
where |O〉 = |Φ†0Φ0〉 and |On−1〉 = |Φ†1Φ1 · · ·Φ†n−1Φn−1〉.
Consider the quantization frame that chooses τ as the Euclidean time. Now the 2n-
point function without momentum commutators can be thought of as the the norm of
a state |χ〉 where |χ〉 = |Φ0Φ†1Φ1 · · ·Φ†n/2〉 if n is even and |χ〉 = |Φ0 · · ·Φ†(n−1)/2Φ(n−1)/2〉
if n is odd.
In the special case Φ = Φ† the correlator is symmetric under the reflection τ → −τ .
Since this reflection sends P 0 to −P 0 but preserves P 1 we find that
∂tS1− 1
n
(Φ‖Ω)|t=0 = 0
∂xS1− 1
n
(Φ‖Ω)|t=0 ≥ 0 . (86)
Clearly, this holds only for the first derivative and just in the special case of a real field
Φ = Φ†.19
18According to the reconstruction theorems the reflection positivity and the analyticity of Euclidean
correlators are sufficient to insure unitarity and causality in Lorentzian signature [29]. This suggests
that there has to be a way to derive this constraint from reflection positivity. However, we could not
find such an argument for n > 2.
19It we tune initial state to have be a real field, as the operator evolves in time it becomes a complex
field.
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<latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit>
 †
<latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit>
 †
<latexit sha1_base64="y8yy cgBTljDLxRwQMK/r C0VLHNo=">AAAB83i cbVBNS8NAEJ3Ur1q/ qh69LBbBU0lE0GPB i8cKthWaWDabSbt0s wm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu /NMDMvzATXxnW/ncr a+sbmVnW7trO7t39Q Pzzq6jRXDDssFal6 CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJ X3ZpJhkNCh5DFn1F jJ99sj/uhHdDhENag 33KY7B1klXkkaUKI9 qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa 8woG9Mh9i2VNEEdFP Obp+TMKhGJU2VLGj JXf08UNNF6koS2M6F mpJe9mfif189NfB0U XGa5QckWi+JcEJOS WQAk4gqZERNLKFPc3 krYiCrKjI2pZkPwll 9eJd2Lpuc2vbvLRs st46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07u vDjvzseiteKUM8fw B87nD95DkYE=</lat exit><latexit sha1_base64="y8yy cgBTljDLxRwQMK/r C0VLHNo=">AAAB83i cbVBNS8NAEJ3Ur1q/ qh69LBbBU0lE0GPB i8cKthWaWDabSbt0s wm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu /NMDMvzATXxnW/ncr a+sbmVnW7trO7t39Q Pzzq6jRXDDssFal6 CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJ X3ZpJhkNCh5DFn1F jJ99sj/uhHdDhENag 33KY7B1klXkkaUKI9 qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa 8woG9Mh9i2VNEEdFP Obp+TMKhGJU2VLGj JXf08UNNF6koS2M6F mpJe9mfif189NfB0U XGa5QckWi+JcEJOS WQAk4gqZERNLKFPc3 krYiCrKjI2pZkPwll 9eJd2Lpuc2vbvLRs st46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07u vDjvzseiteKUM8fw B87nD95DkYE=</lat exit><latexit sha1_base64="y8yy cgBTljDLxRwQMK/r C0VLHNo=">AAAB83i cbVBNS8NAEJ3Ur1q/ qh69LBbBU0lE0GPB i8cKthWaWDabSbt0s wm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu /NMDMvzATXxnW/ncr a+sbmVnW7trO7t39Q Pzzq6jRXDDssFal6 CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJ X3ZpJhkNCh5DFn1F jJ99sj/uhHdDhENag 33KY7B1klXkkaUKI9 qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa 8woG9Mh9i2VNEEdFP Obp+TMKhGJU2VLGj JXf08UNNF6koS2M6F mpJe9mfif189NfB0U XGa5QckWi+JcEJOS WQAk4gqZERNLKFPc3 krYiCrKjI2pZkPwll 9eJd2Lpuc2vbvLRs st46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07u vDjvzseiteKUM8fw B87nD95DkYE=</lat exit><latexit sha1_base64="y8yy cgBTljDLxRwQMK/r C0VLHNo=">AAAB83i cbVBNS8NAEJ3Ur1q/ qh69LBbBU0lE0GPB i8cKthWaWDabSbt0s wm7G6GE/g0vHhTx6p /x5r9x2+agrQ8GHu /NMDMvzATXxnW/ncr a+sbmVnW7trO7t39Q Pzzq6jRXDDssFal6 CKlGwSV2DDcCHzKFN AkF9sLxzczvPaHSPJ X3ZpJhkNCh5DFn1F jJ99sj/uhHdDhENag 33KY7B1klXkkaUKI9 qH/5UcryBKVhgmrd 99zMBAVVhjOB05qfa 8woG9Mh9i2VNEEdFP Obp+TMKhGJU2VLGj JXf08UNNF6koS2M6F mpJe9mfif189NfB0U XGa5QckWi+JcEJOS WQAk4gqZERNLKFPc3 krYiCrKjI2pZkPwll 9eJd2Lpuc2vbvLRs st46jCCZzCOXhwBS2 4hTZ0gEEGz/AKb07u vDjvzseiteKUM8fw B87nD95DkYE=</lat exit>
 †
<latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_bas e64="c2a1vafJFiseYgUkbhionPs6h2s=" >AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvg qeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/ gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAp urOd9o8rG5tb2TnW3trd/cHhUPz7pmiTT lHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7 wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+o Nr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz 8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQ b64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZL Y2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbB xeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr 768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlp wD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/ QJ8/3U+ODQ==</latexit><latexit sha1_bas e64="c2a1vafJFiseYgUkbhionPs6h2s=" >AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvg qeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/ gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAp urOd9o8rG5tb2TnW3trd/cHhUPz7pmiTT lHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7 wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+o Nr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz 8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQ b64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZL Y2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbB xeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr 768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlp wD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/ QJ8/3U+ODQ==</latexit><latexit sha1_bas e64="c2a1vafJFiseYgUkbhionPs6h2s=" >AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvg qeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/ gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAp urOd9o8rG5tb2TnW3trd/cHhUPz7pmiTT lHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7 wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+o Nr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz 8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQ b64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZL Y2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbB xeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr 768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlp wD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/ QJ8/3U+ODQ==</latexit><latexit sha1_bas e64="c2a1vafJFiseYgUkbhionPs6h2s=" >AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvg qeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/ gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemAp urOd9o8rG5tb2TnW3trd/cHhUPz7pmiTT lHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7 wq/98S04Yl6tLOUBZJMFI84JbaQhu2Yj+o Nr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz 8L3UBjnRllPB5rVhZlhK6JRM2MBRRSQzQ b64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZL Y2Kx6hfifN8hsdBvkXKWZZYouF0WZwDbB xeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr 768TrpXTd9r+g/XjZZXxlGFMziHS/DhBlp wD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/ QJ8/3U+ODQ==</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 †
<latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit><latexit sha1_bas e64="y8yycgBTljDLxRwQMK/rC0VLHNo=" >AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbB U0lE0GPBi8cKthWaWDabSbt0swm7G6GE/ g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzAT XxnW/ncra+sbmVnW7trO7t39QPzzq6jRX DDssFal6CKlGwSV2DDcCHzKFNAkF9sLxz czvPaHSPJX3ZpJhkNCh5DFn1FjJ99sj/uh HdDhENag33KY7B1klXkkaUKI9qH/5Ucry BKVhgmrd99zMBAVVhjOB05qfa8woG9Mh9 i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF 6koS2M6FmpJe9mfif189NfB0UXGa5QckW i+JcEJOSWQAk4gqZERNLKFPc3krYiCrKj I2pZkPwll9eJd2Lpuc2vbvLRsst46jCCZz COXhwBS24hTZ0gEEGz/AKb07uvDjvzsei teKUM8fwB87nD95DkYE=</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 
<latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit><latexit sha1_base64="c2a1vafJFise YgUkbhionPs6h2s=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S 8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW 3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZ JMFI84JbaQhu2Yj+oNr+ktgNeJX5IGlGiP6l/DcUIzyZSlghgz8L3UBjnRllPB5rVhZ lhK6JRM2MBRRSQzQb64dY4vnDLGUaJdKYsX6u+JnEhjZjJ0nZLY2Kx6hfifN8hsdBv kXKWZZYouF0WZwDbBxeN4zDWjVswcIVRzdyumMdGEWhdPzYXgr768TrpXTd9r+g/XjZ ZXxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/3U+ODQ==</lat exit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
 †
<latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit><latexit sha1_base64="y8yycgBTljDL xRwQMK/rC0VLHNo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cKthWaW DabSbt0swm7G6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW 7trO7t39QPzzq6jRXDDssFal6CKlGwSV2DDcCHzKFNAkF9sLxzczvPaHSPJX3ZpJhkN Ch5DFn1FjJ99sj/uhHdDhENag33KY7B1klXkkaUKI9qH/5UcryBKVhgmrd99zMBAVVh jOB05qfa8woG9Mh9i2VNEEdFPObp+TMKhGJU2VLGjJXf08UNNF6koS2M6FmpJe9mfi f189NfB0UXGa5QckWi+JcEJOSWQAk4gqZERNLKFPc3krYiCrKjI2pZkPwll9eJd2Lpu c2vbvLRsst46jCCZzCOXhwBS24hTZ0gEEGz/AKb07uvDjvzseiteKUM8fwB87nD95Dk YE=</latexit>
(a)
<latexit sha1_bas e64="Jl4SrqGNbdHkt7uQMWp5nDKkZng=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBah XkoiBT0WvHisaD+gDWWy3bRLN5uwuxFK6 E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5T RVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeqji5aB ccWvuAmSdeDmpQI7moPzVH8Y0jZg0VKDW Pc9NjJ+hMpwKNiv1U80SpBMcsZ6lEiOm/ Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZ oxnrVm4v/eb3UhDd+xmWSGibpclGYCmJi Mv+bDLli1IipJUgVt7cSOkaF1Nh0SjYEb /XlddK+qnluzbuvVxpuHkcRzuAcquDBNTT gDprQAgojeIZXeHOE8+K8Ox/L1oKTz5zC HzifP4NBjTg=</latexit><latexit sha1_bas e64="Jl4SrqGNbdHkt7uQMWp5nDKkZng=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBah XkoiBT0WvHisaD+gDWWy3bRLN5uwuxFK6 E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5T RVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeqji5aB ccWvuAmSdeDmpQI7moPzVH8Y0jZg0VKDW Pc9NjJ+hMpwKNiv1U80SpBMcsZ6lEiOm/ Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZ oxnrVm4v/eb3UhDd+xmWSGibpclGYCmJi Mv+bDLli1IipJUgVt7cSOkaF1Nh0SjYEb /XlddK+qnluzbuvVxpuHkcRzuAcquDBNTT gDprQAgojeIZXeHOE8+K8Ox/L1oKTz5zC HzifP4NBjTg=</latexit><latexit sha1_bas e64="Jl4SrqGNbdHkt7uQMWp5nDKkZng=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBah XkoiBT0WvHisaD+gDWWy3bRLN5uwuxFK6 E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5T RVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeqji5aB ccWvuAmSdeDmpQI7moPzVH8Y0jZg0VKDW Pc9NjJ+hMpwKNiv1U80SpBMcsZ6lEiOm/ Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZ oxnrVm4v/eb3UhDd+xmWSGibpclGYCmJi Mv+bDLli1IipJUgVt7cSOkaF1Nh0SjYEb /XlddK+qnluzbuvVxpuHkcRzuAcquDBNTT gDprQAgojeIZXeHOE8+K8Ox/L1oKTz5zC HzifP4NBjTg=</latexit><latexit sha1_bas e64="Jl4SrqGNbdHkt7uQMWp5nDKkZng=" >AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBah XkoiBT0WvHisaD+gDWWy3bRLN5uwuxFK6 E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkR wbVz32ylsbG5t7xR3S3v7B4dH5eOTto5T RVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gc jv3O09MaR7LRzNNmB/hSPKQUzRWeqji5aB ccWvuAmSdeDmpQI7moPzVH8Y0jZg0VKDW Pc9NjJ+hMpwKNiv1U80SpBMcsZ6lEiOm/ Wxx6oxcWGVIwljZkoYs1N8TGUZaT6PAdkZ oxnrVm4v/eb3UhDd+xmWSGibpclGYCmJi Mv+bDLli1IipJUgVt7cSOkaF1Nh0SjYEb /XlddK+qnluzbuvVxpuHkcRzuAcquDBNTT gDprQAgojeIZXeHOE8+K8Ox/L1oKTz5zC HzifP4NBjTg=</latexit>
(b)
<latexit sha1_base64="Quv2Fcn5ZgCK HKELAy04iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q 7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7k d0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U 8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN7 4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrz TcPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</lat exit><latexit sha1_base64="Quv2Fcn5ZgCK HKELAy04iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q 7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7k d0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U 8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN7 4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrz TcPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</lat exit><latexit sha1_base64="Quv2Fcn5ZgCK HKELAy04iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q 7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7k d0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U 8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN7 4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrz TcPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</lat exit><latexit sha1_base64="Quv2Fcn5ZgCK HKELAy04iMjmwgg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaD+gD WWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q 7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7k d0pEQoGEUrPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U 8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN7 4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66R9VfPcmndfrz TcPI4inME5VMGDa2jAHTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwCExo05</lat exit>
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Figure 2: (a) The first derivative in shape deformation of the sandwiched Re´nyi divergence
for n = 4. The commutator is represented with the charge written as an integral on the
codimension one surface encircling the pair Φ†0Φ0. (b) Same commutator with the charges
written on a different surface, (c) A term that appears at the second order in deformation
which is reflection symmetric around θ = pi/2. Note that P (1) is the same as P but rotated
by pi/2.
A conjecture
The sandwiched Re´nyi divergence is smooth at α = 0 and equal to the relative entropy.
It was conjectured and recently argued that, in addition to the first derivative of relative
entropy in deformation parameter that is positive due to monotonicity, the second null
derivative of relative entropy is also non-negative in field theory [30, 31]. This is
called the quantum null energy condition. In this subsection, we investigate the higher
derivatives of the sandwiched Re´nyi divergence.
Let us start with n = 2. From (80) we know that the mth derivatives in null
deformations is the expectation value of the positive operator Pmu in the state |O〉:
∂mλ S1/2(Φ‖Ω) =
1
m!
〈O|Pmu |O〉 ≥ 0 . (87)
Next, consider the second space-like derivative (t = 0) of Re´nyi divergences with n > 2
for states that satisfy Φ = Φ†. Then,
∂2xS
A(λ)
1− 1
n
(Φ‖Ω)λ=0 = n
2
〈[P 1, [P 1,Φ0Φ0]] · · ·Φn−1Φn−1〉
〈Φ0Φ0 · · ·Φn−1Φn−1〉
+
n
2
n−1∑
k=2
〈[P 1,Φ0Φ0] · · · [P (1,k),Φk−1Φk−1] · · ·Φn−1Φn−1〉
〈Φ0Φ0 · · ·Φn−1Φn−1〉
where P (1,k) is the same operator as P (1) rotated by 2pik/n; see figure 2. The first
term above is symmetric under reflection around θ = 0, and the kth term in the sum
20
is symmetric under the reflection around θ = pik/n; see figure 2. Therefore, for the
deformation generated by ∂x1 the second derivative of Re´nyi relative entropy is non-zero
for all n if Φ = Φ†:
∂2xS(Φ‖Ω) ≥ 0 . (88)
Repeating the argument above for a null deformation and the special state Φ = Φ† we
find that the second null derivative is also positive. Therefore, for this special class of
states, we have proved our conjecture
∂2uS(Φ‖Ω) ≥ 0 . (89)
Examples
It is instructive to explicitly compute the sandwiched Re´nyi divergence and its deriva-
tives in some simple theories.20 The theory has to be simple enough that we can
compute the 2n-point correlation functions. Two instances when we can access these
correlators are free fields and small θ limit in conformal field theory.21
Consider a two dimensional massless boson and a coherent operator eiβφ with real β.
Since this operator is a conformal primary, and there are the same number of operators
in the numerator and the denominator of (75), the sandwiched Re´nyi divergence is
independent of r in z
(±)
k = re
i( 2pik
n
±θ). The n-point function of the coherent operator is
given by [33] 〈
n−1∏
k=0
e−iβkφ(zk)
〉
=
∏
k>i
(zk − zi)βiβk . (90)
For the initial configuration at λ = 0 we have〈∏n−1
k=0 e
−iβφ(z+k )e
iβφ(z−k )
〉〈
e−iβφ(z+0 )eiβφ(z
−
0 )
〉n = n−m∏
m=1
(
sin2
(
pim
n
)
sin
(
pim
n
+ θ
)
sin
(
pim
n
− θ)
)(n−m)β2
=
(
n sin θ
sin(nθ)
)nβ2
The sandwiched Re´nyi divergence is [16]
SA(0)n (e
iβφ‖Ω) = nβ
2
n− 1 log
(
n sin θ
sin(nθ)
)
. (91)
Initially starting at (τ = r sin θ, x1 = r sin θ) and deforming the region, the operator Φ0
moves to (−τ0(1 + λζ0), x1(1− λ)) and Φ† goes to (τ0(1 + λζ¯0), x1(1− λ)), where ζ¯0 is
20In a recent work the Re´nyi divergences were computed in free field theory using real-time tech-
niques [32]. Our Euclidean approach has the advantage that it makes the monotonicity constraints
manifest.
21It would be interesting to study these constraints in large N theories.
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the complex conjugate of ζ0. Choosing ζ0 = it we find that 〈Φ†kΦk〉 remains unchanged.
For displaced operators from the n-point function formula we have〈∏n−1
k=0 e
−iβφ(z+k (λ))e
iβφ(z−k (λ))
〉〈
e−iβφ(z+0 )eiβφ(z
−
0 )
〉n = n−1∏
m=1
(
4c(θ)c(−θ) sin4 (mpi
n
)
X(θ)X(−θ)
)(n−m)β2
2
X(θ) = 1− cos
(
2pim
n
+ 2θ
)
+ 2λ
(
cos
(
2pim
n
+ θ
)
− cos(θ)
)
+λ2(1− t2)
(
1− cos
(
2pim
n
))
c(θ) = 1− 2λ(cos θ + it sin θ) + λ2(1− t2) . (92)
First consider the case n = 2. Then,
X(θ) = 1 + cos(2θ)− 4λ cos θ + 2λ2(1− t2) (93)
and
S
A(λ)
1/2 (e
iβφ‖Ω) = β
2
2
log
4
(
4λ2t2 sin2(θ) + (1− 2λ cos(θ) + λ2 (1− t2))2
)
(1 + cos(2θ)− 4λ cos(θ)− 2λ2 (t2 − 1))2
 .(94)
At t = 0 we have
S
A(λ)
1/2 (e
iβφ‖Ω) = β2 log
(
(1 + λ2 − 2λ cos θ)
(λ− cos θ)2
)
(95)
According to Bernstein’s theorem a function f(λ) has ∂kλf(λ) ≥ 0 for all k if and only
if f(−λ) is the Laplace transform of a probability distribution µ(s) [34]:
f(−λ) =
∫ ∞
0
ds e−sλµ(s) . (96)
In many physics applications, the probability distribution µ(s) corresponds to the
density of states that is a probability measure, and f(−λ) is the partition function
whose odd (even) derivatives in inverse temperature are negative (positive). The second
Re´nyi divergence has an inverse Laplace transform
S
A(−λ)
1/2 (e
iβφ‖Ω) =
∫ ∞
0
ds e−λsµ(s)
µ(s) = 2β2
e−s cos θ(1− cos(s sin θ))
s
≥ 0∫ ∞
0
ds µ(s) = 2β2 log sec θ <∞ (97)
which is indeed a probability measure. Therefore, we learn that all spatial derivatives of
the second Re´nyi divergence are non-negative. Next, we consider t = 1 that corresponds
to a null deformation:
S1/2(e
iβφ‖Ω) = β
2
2
log
(
1 + 4λ2 − 4λ cos θ
(2λ− cos θ)2
)
+ β2 log sec θ (98)
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The λ dependent piece in (98) is the same as (95) with λ → 2λ, hence all of its λ
derivatives as was proved before.
Same logic generalizes to n > 2. Writing sandwiched Re´nyi for n > 2 and t = 0 as
a Laplace transform we find
S
A(−λ)
1− 1
n
(eiβφ‖Ω) = 2β
2
n− 1
n−1∑
m=1
(n−m)
∫ ∞
0
dse−λsµ(s)
µ(s) =
e−s cos θ
s
(
cosh
(
s sin θ cot
(mpi
n
))
− cos(s sin θ)
)
≥ 0 (99)
where both the numerator and the denominator are manifestly positive for 0 ≤ θ ≤ pi/n
and integer n. In the null case, it is easier to consider
S
A(λ)
1− 1
n
(eiβφ‖Ω)− 1
2
S
A(0)
1− 1
n
(eiβφ‖Ω) = β
2
(n− 1)
n−1∑
m=1
(n−m)
∫ ∞
0
ds e−sλµ(s)
µ(s) =
e−
s
2
cos θ
s
(
cosh
(s
2
sin θ cot
(mpi
n
))
− cos
(s
2
sin θ
))
≥ 0 . (100)
To summarize, we established that all spatial and null derivatives of Re´nyi divergences
of coherent states with respect to vacuum are positive. The fact this holds for higher
than two derivatives in deformations is special to coherent states. To show this, we con-
sider the chiral primary operator ∂φ of the same theory. This operator has dimension
(1, 0) and its 2n-point functions were computed in [35]:
Gn =
〈
2n∏
i=0
(∂φ)†(∂φ)
〉
=
1
4n
det
[
1
sin
( zi−zj
2
)]
i,j∈[1,2n]
=
Γ2
(
1+n+n csc(nθ)
2
)
Γ2
(
1−n+n csc(nθ)
2
) . (101)
Therefore,
S1− 1
n
(∂φ‖Ω) = 1
n− 1 log
(
(2 sin θ)2nGn
)
(102)
A spatial deformation correponds to cos θ → cos θ−λ in the formula above. Then, the
first spatial derivative is given by
∂λS
A(λ)
1− 1
n
(i∂φ‖Ω)λ=0
=
2n cos θ
(n− 1)
(
1− n tan θ
tan(nθ) sin(nθ)
(
ψ
(
1 + n+ n csc(nθ)
2
)
− ψ
(
1− n+ n csc(nθ)
2
)))
.
Note that this operator is real, so our proof of the non-negativity of the second deriva-
tive in spatial deformations applies to it. Figure 3 is a plot of the first four derivatives
in spatial deformations. The first and the second derivatives of sandwiched Re´nyi di-
vergence are non-negative as expected, however the fourth derivative becomes negative
for large enough n.
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Figure 3: (top) The first and the second spatial derivatives of the sandwiched Re´nyi diver-
gence for n = 2 to n = 26 are non-negative and consistent with monotonicity and our proof.
(bottom) The third and the fourth spatial derivatives are plotted for n = 2 to n = 16. For
large enough n, the fourth derivative becomes negative.
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As the second example, we consider the states of an interacting conformal field
theory with θ  1. We expand each pair of operators in small θ using the operator
product expansion:
Φ†kΦk
〈Φ†kΦk〉
=
∑
p
(2 sin θ)hpCpφφOp(z0k, z1k)
z0k = (cos θ − λ) sin
(
2pim
n
)
− (sin θ + itλ) cos
(
2pim
n
)
z1k = (cos θ − λ) cos
(
2pim
n
)
− (sin θ + itλ) sin
(
2pim
n
)
, (103)
where Op represent primaries and their descendants. The 2n-point function in this
limit is
log
(〈∏n−1
k=0 Φ
†(z+k (λ))Φ(z
−
k (λ))
〉〈∏n−1
k=0 Φ
†(z+k )Φ(z
−
k )
〉 ) = log(1 + (C∆φφ)2 n−1∑
m=1
(θ)2∆(
c(θ = 0) sin2
(
mpi
n
))∆ + · · ·
)
=
(
θ
1− 2λ+ λ2(1− t2)
)∆ n−1∑
m=1
1
sin2∆
(
pim
n
) + · · · (104)
where ∆ is the dimension of the lightest scalar primary. The inverse Laplace transform
of the first term with λ→ −λ is:(
θ
1 + 2λ+ λ2(1− t2)
)∆
=
∫ ∞
0
ds e−sλ µt(s)
µ0(s) =
e−ss2∆−1
Γ(2∆)
µ1(s) =
e−s/2s∆−1
2∆Γ(∆)
, (105)
which implies that all derivatives of the sandwiched Re´nyi divergence are non-negative
for spatial and null deformations at this order in perturbation theory.
One can go to higher orders in perturbation theory. If we we focus on the case t = 0
and assume that the second light primary has dimension ∆2 >
3
2
∆1, at the next order
in perturbation theory we have
log
(
1 + (C∆φφ)
2
2∑
m=1
(2 sin θ)2∆(
4c(θ) sin2
(
mpi
3
))∆ + C∆∆∆( (2 sin θ)3(1− λ)2
)3∆
+ · · ·
)
(106)
Since the first order term is non-negative it is hard to use the monotonicity constraint
to derive an inequality regarding only the OPE coefficients.22
22We thank Shu-Heng Shao for pointing this out to us.
25
7 Discussion and Generalizations
In summary, we defined the sandwiched Re´nyi divergence as a Re´nyi generalization
of relative entropy in any von Neumann algebra and explored the consequences of its
monotonicity for correlation functions of field theory. We found new inequalities for
correlation functions and conjectured a constraint on the second in null derivatives
of the Re´nyi family that is a generalization of quantum null energy condition. It is
interesting to explore the implications of these inequalities in large N and holographic
theories. The holographic dual of sandwiched Re´nyi divergences was constructed in
[36]. It is natural to ask whether monotonicity can be used to constrain the effective
field theory in the bulk. We postpone this to future work.
The physics interpretation of the Re´nyi divergences comes from their connection
with the resource theory of thermodynamics. In an out-of-equilibrium quantum system
with long-range interactions, there are many independent second laws of thermody-
namics that constrain state transformations, each corresponding to a generalized free
energy [37]. These free energies are precisely the sandwiched Re´nyi divergences and
Petz divergences we studied here. This suggests that in conformal field theory and
gravity the monotonicity of Re´nyi divergences for n > 1 can be independent of the
monotonicity of relative entropy. In fact, this was shown to be the case in holography
in a recent work [26].
The averaged null energy condition is a universal constraint in all quantum field
theories that was recently proved in [4] using the monotonicity of relative entropy.
Later, the authors of [38] presented an alternative proof that relied on the analyticity
and the causality of correlation functions. Our work sheds light on the connection
between the two approaches by constructing information-theoretic quantities whose
monotonicity is tied to the analyticity of correlation functions.
Finally, we would like to mention a few generalizations of this work. For most of our
work here we focused only on the operator monotone function f(z) = zα. An arbitrary
operator monotone function can be characterized in the following way: A function is
operator monotone if and only if it has the representation [39]
f(z) = az + b+
∫ ∞
0
dβµ(β)
(
1
β
− 1
z + β
)
(107)
for a, b ≥ 0 and µ(β) a measure that satisfies∫ 1
0
dβ
β
µ(β) +
∫ ∞
1
dβ
β2
µ(β) <∞ . (108)
For instance, if we take µ(β) = sin(piα)
pi
βα the condition above is achieved if 0 < α < 1,
and the function is simply f(z) = zα. It would be interesting to see if one can relate
the monotonicity of other f(∆Ω|Ψ) to correlation functions and obtain new constraints.
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A Proof of Properties Listed for Quasi-entropy
In this appendix we prove the the follwoing properties of the Petz quasi-entropy:
1. If A ⊂ B and a ∈ AA then it increases monotonically with system size:
DAα,a(Φ‖Ω) ≤ DBα,a(Φ‖Ω).
2. If U is a unitary in AA then DAα,a(UΦ‖V Ω) = DAα,V †aU(Φ‖Ω).
3. It increases monotonically in α. If α ≤ β then DAα,a(Φ‖Ω) ≤ DAβ,a(Φ‖Ω).
Statements (1) and (2) follows respectively from the monotonicity relation in (16)
and the transformation rule (11) for the relative modular operator under unitaries in
the algebra. To show the monotonicity in α we consider the spectral decomposition of
the relative modular operator:
∆−1Ω|Φ =
∫ ∞
0
λ P (dλ), (109)
where P (dλ) is a projection-valued measure. According to Holder’s inequality, if µ(λ)
is a normalized probability measure, α > 0, p > 1 and satisfies 1
p
+ 1
q
= 1 we have:∫
λαdµ(λ) ≤
(∫
λpαdµ(λ)
)1/p(∫
dµ(λ)
)1/q
=
(∫
λpαdµ(λ)
)1/p
. (110)
Choosing p = β/α > 1 we obtain
〈Ψ|∆−αΩ|Φ|Ψ〉 =
∫
λα〈Ψ|P (dλ)|Ψ〉 ≤
(∫
λβ〈Ψ|P (dλ)|Ψ〉
)α/β
= 〈Ψ|∆−βΩ|Φ|Ψ〉α/β,
where |Ψ〉 is an arbitrary state. This establishes monotonicity in α. That is for
0 ≤ α ≤ β ≤ 1:
Dα,a(Φ‖Ω) = 1
α
log〈Φ|a†∆−αΩ|Φa|Φ〉 ≤
1
β
〈Φ|a†∆−βΩ|Φa|Φ〉 = Dβ,a(Φ‖Ω) . (111)
A similar argument using the spectral decomposition of ∆Ω|Φ shows that the above
equation holds for any −1 ≤ α ≤ β ≤ 1.
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B Proof of Properties Listed for Petz divergence
In this appendix, we prove of the properties of the Petz divergence listed below (19).
1. It is non-negative and vanishes when A shrinks to zero.
2. It is invariant under the rotation of both vectors by the same unitary in A.
3. At α = 0 it is smooth and equal to the relative entropy.
4. Under swapping vectors |Φ〉 and |Ω〉 it satisfies
D−α(Φ‖Ω) = 1− α
α
Dα−1(Ω‖Φ) . (112)
Statement (1) follows from the inequality in (15). Since Petz divergence is mono-
tonic under the restriction to subregions and it vanishes as the region size shrinks to
zero, it follows that it is non-negative. The second statement follows trivially by setting
a = 1 and U = V in property (2) of quasi-entropies. The limit α→ 0 from below and
above equal the definition of relative from (9):
lim
α→0
Dα(Φ‖Ω) = − log〈Φ| log ∆Ω|Φ|Φ〉 = S(Φ‖Ω) . (113)
Statement (4) says that under swapping vectors |Φ〉 and |Ω〉 the Petz divergence
satisfies
D−α(Φ‖Ω) = 1− α
α
Dα−1(Ω‖Φ) . (114)
Remember that the Petz divergence is invariant under |Φ〉 → U ′|Φ〉 with U ′ a unitary
in the A′. This freedom can be used intelligently to satisfy |Φ〉 = ∆1/2Φ|Ω|Ω〉. Such a
choice is called the vector representative of the state in the “natural cone”. See [7] for
more detail. Equipped with this fact, the claim follows:
D−α(Φ‖Ω) = −1
α
log〈Φ|∆αΩ|Φ|Φ〉
=
1− α
α
(
1
α− 1 log〈Ω|∆
1/2
Φ|Ω∆
α
Ω|Φ∆
1/2
Φ|Ω|Ω〉
)
=
1− α
α
(
1
α− 1 log〈Ω|∆
1−α
Φ|Ω |Ω〉
)
=
1− α
α
Dα−1(Ω‖Φ) . (115)
At the symmetric pointD−1/2(Φ‖Ω) = D−1/2(Ω‖Φ) = −2 log〈Φ|Ω〉. The non-negativity
of the Petz divergence implies that 0 ≤ 〈Φ|Ω〉 ≤ 1 for all normalized vectors in the
natural cone.
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C Proof of Inequality (32)
The claimed inequality in (32) is:
D α
1−α (Φ‖Ω) ≥ Sα(Φ‖Ω) ≥ Dα(Φ‖Ω) . (116)
The lower bound follows from the definition of the sandwiched Re´nyi divergences.
The upper bound can be written as
〈Φ|∆−
α
1−α
Ω|Φ |Ω〉
(1−α)
α ≥ sup
Ψ
〈Φ|∆−αΩ|Ψ|Φ〉
1
α . (117)
Using |Φ〉 = ∆−1/2Ω|Φ |Ω〉 it simplifies to
‖∆−
1
2(1−α)
Ω|Φ |Φ〉‖(1−α) ≥ sup
Ψ
‖∆−
α
2
Ω|Ψ|Φ〉‖ . (118)
Then, we use (∆AΩ|Ψ)
−1 = ∆A
′
Φ|Ω and α = 1− 2p to we write it as
‖(∆A′Φ|Ω)
p
4 |Ω〉‖ 2p ≥ sup
Ψ
‖(∆A′Ψ|Ω)
1
2
− 2
p |Φ〉‖ . (119)
This inequality is a generalization of the Araki-Lieb-Thirring inequality [40] to von Neu-
mann algebras that can be proved using the interpolation theory of non-commutative
Lp spaces. However, this goes beyond the scope of this work and we refer the interested
reader to the proof presented in Theorem 12 of [13].
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